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Section  1.  Chemistr-  of  the  Production  of . Properties  of.  awd  ALPlicatlons  of 
the  Nitro  D«rlvatlva  of  B«nz»ne 

•/.  ■  ' 

Menaei.d  Is  a  colorless,  highly  refractive  liquid  with  a  characteristic  aroma. 

Its  ht’linfj  point  Is  80.1°,  melting  point  5.58°,  specific  gravity  =  0,8787, 

“^0° 

Technical  benzene  always  contains  foreign  impurities.  The  ma.ior  impurities 
in  benzene  from  coal  are  sulfur  compounds:  thiophene  (boiling  point  fti-®),  which 
mav  constitute  up  to  0.5%  of  the  whole,  and  traces  of  car'f.cr:  disulfide  (boiling 
point  47°). 

Thiophene  differs  from  benzene  oy  its  capacity  vigorously  to  oxidize  nitric 
acid,  and  therefore,  in  the  nitration  of  benzene,  additional  nitric  acid  is  expended 
to  oxidize  the  thiophene. 

Thicohene  and  carton  disulfide  are  usually  not  present  in  ' enzene  made  from 

netroieum.  However,  this  benzene  does  contain  a  considerable  quantity  (up  to  5%) 

of  gasolines,  as  well  as  of  unsaturated  hydrocarbons. 

The  following  specifications  must,  e  met  ty  coal-derived  benzene  to  be  used 

20° 

for  nitration:  specific  gravity  d  ©  0,875  -  0,880;  boiling  point  between 

4 

is 

79.0  -  80.6°,  The  degree  of  purification  determined  by  the  absorption  of  bromine 
titer 

(the  bromine  must  not  be  more  than  0.42  per  100  oc  benzene),  and  by  the 

color  due  to  sulfuric  acid  (not  more  than  30%  of  a  standard  sample).  Moreover, 
not  less  them  95%  of  the  benzene  by  volume  should  distill  within  0.8°,  The 
benzene  is  tested  for  the  presence  of  these  I)?  impurities  in  a  manner  similar  to 

I'  ii 

the  testing  of  the  toluene,  as  described  in  the  section  XTrinitrotoluenef. 


Benzene  is  difficultly  soluble  in  water;  100  cc  water  dissolve  0.082  cc  benzene 

ether,  disulfide, 

at  20°.  Benzene  will  mix  with  alcohol,  i0QDi)(  acetone,  carbon  ainiugxmiaaMf^ 


nd  llgroln, 

Himiiy  in  Mny  ratio*.  It  la  a  solvant  for  fata,  ollay  rubbar,  nitrooalluloaa, 
•tc.,  and  bums  with  a  vary  smoky  fir*. 

Bansana  is  toxic,  and  aafaty  rules  must  be  strictly  adhered  to  in  working 
with  it. 

Bancene  is  transported  in  iron  tank  cars.  Inasmuch  as  It  has  a  high 
freezing  point,  it  la  necessary  to  thaw  frozen  benzene  in  winter.  This  is 
usually  done  in  thawing  sheds,  in  which  lAh  temperature  of  40  -  30°C  is  maintained, 
and  in  udiich  the  benzene  thaws  out  in  24  -  30  hrs.  Other  methods  of  thawing 
frozen  benzene  are  eilso  enqsloyed. 

Mononitrobenzene  is  formed  upon  nitration  of  benzene  by  nitric  acid  or 
mixed  acid,  in  accordance  with  the  equation 

QII,r|-IIN03-  .  CHiNOj  +  HjO. 

Mononitrobenzene  is  a  yellow  liqiiid  smelling  of  bitter  almonds.  It  bol}s 

at  210.6°,  freezes  at  5.7°,  and  its  specific  gravity  is  dj^f  =  1.204. 

4 

Mononitrobenzene  Is  readily  dietillable  by  steam.  Its  solubility  in 
sulfuric  acid  and  mixed  acid  at  43°  (Bibl.Sl)  is  presented  in  Table  33. 

Table  33 


<>1 

cj 

50 

1 

0,0:> 

40-50 

ab»ut  0,015 

00 

0.03 

CO 

eib»ut 

70 

0,04 

- 

— 

a)  Strength  of  H^SOi^,  b)  Solubility  of  mononitrobenzene,  c)  Strength  of 
H^SO^,  containing  0,2$  HNO^, 
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Hononitrob«ns«M  dlasolwa  vary  slightly  in  watar,  but  wall  in  athar, 


alcohol,  bansana,  and  strong  nitric  acid.  It  is  ^bsalf  a  solvent  for  many 

organic  substances,  including  nitrocellulose,  with  which  it  forms  a  gelatinlike 
substance.  In  its  cheaiieal  properties,  it  is  typical  nitroeonpound,  and  yields 
aniline  upon  reduction*  It  dissolves  in  sulfuric  acid,  but  if  undissolved 
nitrobenzene  remains,  it  can  be  extracted  by  anhydrous  sulfuric  acid  out  of 
the  acid  layer,  yielding  a  compound  of  the  following  composition  C^HjN02  *  H2S0^ 
(•Blbl.82). 

In  the  liquid  form,  mononitrobenzene  does  not  have  e^q^losive  properties. 

However,  in  the  gaseotis  form  and  in  a  vessel  heated  to  high  temperature  under 
pressure,  it  is  capable  of  decomposing  with  great  force  (Bibl.83). 

Mononitrobenzene  is  widely  used  as  an  HflOflHg  intermediate  product  in  the 
aniline  dye  industry  for  the  production  of  aniline.  A  small  amount  thereof 
goes  to  the  making  of  alMX  chlorate  e^qilosives,  in  which  it  serves  as  fuel  and 
phlegmatizer. 

Dinitrobenzene.  Nitration  of  mononitrobenzene  by  mixed  acid  yields  technical 
dinitrobenzene : 

Cfil  h  (NO,)  +  i  IN( -  •  QH,  (NO,),  +  1 1,0. 

The  nitration  velocity  of  mononitrobenzene  under  homogeneous  conditions  rises, 
as  was  deswnstrated  by  Martlngen  (Bibl.6()^),  with  increase  in  sulfuric  acid  strength 
to  89.1^^and  thereafter  it  falls.  Hetherington  and  Hasoa  (Bibl.85)  have  investigated 
this  reaction  under  heterogeneous  conditions  and  dotenained  that  the  nitration 
reaction  proceeds  only  in  the  mineral  phase. 
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to 

MononltrobanzsM  b«  nitrated  OC  awtaMllnltrobensena  by  nitric  acid  In  the 
presence  of  boron  fluoride  (Blbl.86)  with  a  yield  of  up  to  90^.  Nitration  of 
mononitrobenzene  by  sodium  nitrate  with  excess  strong  sulfuric  acid  yields  the 


same  good  yield  of  dinitrobsnzene  as  when  fuming  nitric  acid  is  employed. 

Dlnltrobenzene  may  be  product  by  XXX  nitration'  of  benzene,  and  in  a  single 
stage  (Bibl.87).  ...  ....  '  .  ■' 

Technical  dlnltrobenzene,  obtained  by  nitration  of  ..mixed,  acid  with 


f.n.a.  •=  86^  at  75.. consists  of  three  isomers  and  has  the  following  percentage 


composition'  '  .J,,. 

£CQBOa4tgiCOc  (Bibl.88,  89):"' 


i.-'  Meta-dinitrobenzene  . 90-91 

•  •  ■  ’  •  •  .  '* 

*•  Ortho-dinitrobenzene  . . .  8-9 

•j.  "  ■  .  Q..'  ■ 

Para-d'initrobenzene  T . • .  . . 1:  -  2 

^  .  v  T'  .  «■  ,  .'i  ’ 

.*  .  -  w. 

The  freezing  point  of  technical ''dinitrpbonzeha,  is  si®.*  ... 

The  ortho-  and  para-dihltrobenzene  isomers  c'o'ns.,ti,tute  an’-'uijlosiraiil'e-'  '} 

'li'-  ■'i/*  ■ 

.impurity  in  mpta-dinitrobenxene.  The  yield  of  the.  meta-dinitrobenzene  isome^  ’.;,  e 


depends 


Table- 34.  'I;- ' 


upon  the ’‘nitration  tenqjerature '('Bibl.88,  9C5)  wtiioh- is  evicieht'-from  . 


“•  ■■■»  Table  W''  •  ' 


>  .. -f  ....  '  1 

.'t  .  .  • 

d)  .  . 

" ,  ...  k)  .... 

1,;  d)--  ^ 

••  J,''  .  la 

f.  ^ 

•  -  »■  .  r. 

^  "’C'i  % 

f  V 

■  *  t  •  ' 

■  ••••■  .. 

•  V 

ft"’--'--*.  1 

::  •  1 

'•  -iT  .so -ro/  ’' 

'-’■•iie'.g' 

-’,4 

-5  ?o  -  J-'sV*. :  i'-- 

■-v"'  ■■■ 

■  3, .6 

1,8 

»  •  ■  •  "fr  ■; 

.  26-.29  :■  .  . 

85,0  . 

92,6 

r.,0  ; 

'■2,1  . 

•  65^'9  ■ 

85.0  . 

89.3 

i  ,1 

3,0  .. 

90—100  .  '  ■ 

■80,0  .  • 

87,0 

7,8 

1.2 

124-129  ’  j 

■  79,9 

85,7 

13,9 

9.1 

a)  Nitration  tosqcerature  ®C;  b)  Freezing  point  °C;  c)  Percentage  coiq>ozltion  of 
dlnltrobenzene  obtained;  WBDBUfJ.  d)  Iteta-;  c)  Ortho-;  f)  Para- 
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Tablet  35  -  37  present  certain  physieal-ehemical  constants  and  properties  of  the 


isosmrs  of  dinitrobensene,  free  which  it  follows  that  the  neta-isomer,  which  is  the 


chief  product  of  nitration,  is  more  soluble  than  the  other  two. 


Table  35 


Product 

Melting 

Point,  ®C 

Boiling  Point, 
oc 

Meta-d ini tro bensene 

89.7 

302 

Ortho-d imitrobenzene 

116,5 

310 

Para-dinitrobenzene  . 

172,1 

1  30!) 

•Table  :.3^  ■; 


.f  „• 

/  .t 

-f 

..  '  * 

* 

-  c)  ■■ 

’20 

.  99  1 

■V  ■  >•‘9 

160 

*  -  .  .| 

•**  *.  • 

.  !: 

1.577 

i,3644 

•  1,'3349‘ 

•'‘"1,3 149  . 

■  i,2957  ■ 

0,02528 

.  »rthe- 

’1,59. 

■  —  .  1 

,  1,3119  • 

•  h,2915  ■ 

1,1737- 

— 

■  ••^5 

.  .  '  * 

'  .  •  "  •  f  I*  ‘..s  .  *' 

a)  Dinitrobensene  isomers;  b)  Specific  ’gravity^  at  temperature’ c)  Viscos’ity 


lec'- *• '.  * 

A  •  .fji 

*  ■" 

. Table  37 
■  '  , 

f 

'  *  ..  .. 

‘'•V' "0,  / 

•  .  t 

a  • 

■  * 

II 

•*  •  ' 

»  ■ 

a_)  - 

■i):' 

mtta- 

c) 

ortho-"' 

■  para - 

d) 

j  20,5  , 

6,75  . 

3,3 

0,69 

e) 

!  20,5 

1.9 

■  0.40  • 

f)  . 

20. O' 

!’2,4 

1,09 

0,30 

9t 

17,0 

1.35 

0,24 

0,14 

h) 

17,0 

32,4 

27,1 

1,82 

i) 

IS, 2 

39,15 

5,68 

2., 56 

J) 

18,2 

36,27 

12,96 

3,56 

K) 

10,5 

"30,66 

3,63 

2,36 

1)  • 

16,5 

1,18 

0,14 

0.12 

rn) 

20,0 

0,02 

0,01 

0.01 

m) 

100,0 

0,32 

,0,30 

0.30 

a)  Sol'vont;  b)  Tes^rature,  ’’C;  c)  Parts  of  dinitrobensene  dissolving  in  ICX)  parts 
of  solvent;  d)  Methyl  alcohol;  e)  Bthyl  alcohol;  f)  Propyl  alcohol;  g)  Carbondisolfide 
h)  Chloroform;  i)  Bensene;  j)  Bthyl  acetate;  k)  TolueiM;  l)  Carbontetrachloride; 
m)  Water 


The  solubility  of  meta-dinitrobenzene  in  j.00  parts  of  sulfuric  acid  iX  of 
various  strengths  is  presented  in  Table  38  {Bibl.91), 

Table  38 


a) 

1 

1 

b) 

I  70 

1  80 

(  00 

0 

O.fiO 

l.i 

1  7,15 

10 

0,65 

1.4 

!  7.2 

L>.'. 

0,75 

1.7 

V.O 

•10 

i  0,90 

1.8 

0,0 

50 

!  1.00 

2  2 

10.1 

j  1,1s 

2,7 

11,25 

70 

l,bO 

3,5 

i  13, -10 

so 

1.S.S 

•1.0 

16,0 

00 

!  2.05 

•».s 

;  18,6 

100 

1  3.00 

6,5 

’  22.3 

a)  Temperature,  °C;  s)  Percentage  solubility  of  .-neta-din: trobenzene 
in  sulfuric  acid  of  various  strengths,  in  % 

The  comparati veiy  low  solubility  of  meta-dinitrobenzene  in  sulfuric  aciu 
facilitates  the  separation  KX  thereof  from  the  spent  acid  in  production. 

Dinitrohenzene  is  a  poiE,onous  substance,  and  the  danger  of  poisoning  thereby 
is  increased  by  its  voiatiyi’.  (particularly  in  steam). 

Meta-dinltro'[<ens4ene  1%  a  neutral  substcuice  that  does  not  react  with  metals. 

Upon  boiling  with  caustics,  ortho-  and  para-dinitrobenzane  form  the  correspond 
ortho-  and  para-nitrophenols .  Caustic  reacts  with  meta-dinitrobenzene  only  ac 
elevated  U(iiX  temperature,  and  the  reaction  product  IXX  is  apparently  a  complex 
chemical  compound  of  unknown  composition.  With  sodiian  methylate  and  ethylar  the 
ortho-  and  para-dinitrobenzenes  form  the  corresponding  nitro  ar, Isoles  a  i  l  r, '  tro 
KliUUUSl  phenetoles. 

Reaction  of  80<lium  methylate  and  ethylate  with  JCX  meta-dinitrobenz- r.o  lelds 


miilHXI 
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135 


insolubl#  cfflnpounds,  brown  in  color, 

Anonla  and  ■•thylaaina  react  only  with  the  ortho-  and  para-dlnltrob«n>ola, 
yielding  tha  corresponding  nltroanilines  and  nitromethylamines,  on  the  equation 


C.ll4(NO,)j  +  CH,NH,-C,ll,(NO,)(NHai,)+HNO,. 


S^itim  aulfita  axchar^ae  a  nitro  group  for  a  ii  aulfo  group  in  the  ortho- 


and  para-dinltrobenaenea,' in  accordance  with  the  equation 


NO, 

/\ 


NO, 


NO, 

/\ 


H.NajSOj- 


SOjNa 


+  NaNO,. 


Sodium  aulfite  reacts  with  meta-dinitrobenzene  only  at  iX  elevated  temperature. 
Aa  waa  demonstrated  by  O.M.Golosenko,  the  reaction  proceeds  in  accordance  with 
the  following  mechanism 


NO, 

+b20-f-i;Na2S03  — , 


Oil 

/ 

N-SO3N; 


Oil 

/ 

N-SOjNa 


I 

SOjNa 


SOjNj 


NIISO3N3 

'  \ 


I 

SOjNa 


There  la  a  side  reaction 

oil 

N-SOaNa 

NO2  I 

/N  \ 

I  Lo +2Na2S05-|  HoO - i  |  +Na,S04+NaOI  I, 

N/  2  \ 


which,  later,  upon  acidification,  results  in  the  formation  of  unsulfated  amines; 


OM 

wlsOaNa  NHSOaNa 

I  I 

/\  ••  \ 
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13^ 


135 


NHSOjNa 

Nllj 

t 

1 

/\ 

I,^J_X02+"2®  “ 

i  ^1 

Th«  ratios  betwvsn  the  conpoundb formed  are: 

.  4 

before  acidification 


on 

N-  SOaNa 


on 


N-SOjNa  dll 

.  /  . 

>  -*  S  -s ; 


-NiVj 


SOjNa 


..  ‘‘-'f  i  '  "I 

'•  1  ■S(),,Na 


after  acidification 


•••■:  M  ' 


'.i 


Nil. 

I- 

\ 


Nil, 


•  Oil 
\  X 


K 

’'-NOj->“  ;  "  ■  '^NOj •  _No  ,-7  •  ■’ 


r,  i-i-'  4 


'  4-  •  .*1^  ’ 


I 


SOjII 


■■  0 


'I  ' 
SO.H. 


t.'._  i"  .5'  , 

v’'  "  j.,  ' wii  ■ 


.  .Dinitrobenzene  is  an  “explosive  that 'Is'’ highly  stable  at  elevated  temperature  and 

of  low  sensitivity,  H  to  mechanical  influences  (the  shock  sensitivity  MX  is'less  than.^f’’ 

«  .  ,  '  ••• 

that  of  TNT) Its  .explosive  properties  are  about  13%  weaker  than, those  of  TNT-.  '.  .  r';'\ 

{Bibi.35);';  -  ,V>:  '  ^  \  •  'v -S  ; 

*•  ■..  .  i'  '  '■  .  ’  •  . '.j  ' 

The-heat  of  detonation '“'of  dinitrobenzene  is  820  kcal7kg,  the  volume  of  the  '' 


gaseous  explosion  products  is  635  Itr/kg,  the  detonation  velocity  6lOOiBl/sec,’,the'.i, 


fugacity'is  255  cc,  the-brisance  is  3*4  nn  according  tc-Kaist,  and  10  nsn  according 


..St  -;-  .I'.:,  .. 


to  Hess.  •  _  .  .  •  ...  V' 

Dlnitrob#n*«ne  ia  p«orly  datonatable.  ,  VThan  XIIX  caat,  it  requires  &  vary'  J. 

.  •  .  ‘  '■■■  V‘‘  ^ 

.  •  ,  ^ 

powerful  detonator,^ but,  unpressed,  it. may  be  detonated  by  a  cap  containing’.  1.5  gm 

•  *  .  '  *  * 

•  '  i  •  •  .*  * 

merciury  fulminate,  whereas  when  pressed  u&lar  a  pressure  of  290  kg/cm^  and  a 
density  of  i.a»  it  may  be  UU  detonated  by  a  cap  with  3  gm  mercury  fulminate,  while 
when  pressed  under  a  pressure  of  850  kg/cm^  to  a  density  of  1.44,  it  cannot  b« 


uHua 
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detonated  by  a  3-graB  cap. 


Olnitrobenaene  td.th  a  power^l  detonator  KC  nay  be  aaplpyed  to  fill  ahella,  both 
as  an  Independent,  explosive.  In  the  pressed'  and  cast  condition;  in ’each  case  .the 
density  of  casting  may  bo  in  the  range  of  -  1.5".  Most  frequently,  dinitrobenzene 
.fs  employofl  in  mixtures' with  affl^nium  nitrate,  as.  well,  as  in  the,  form,  of  alloys  with 


.other  ^emplp.sives. 


,  A  substantial  supply  of  raw  materials  for  the  production  of  dinatrobonzene 'is ' 
available.-  In  this . respect ,  it  enjoys  a  significant  advantage  over  the  oth4r'iit 
Individual  explosives.  .  Therefore,  in  wartime,  the  production  of  dinitrobenzene  is 


■  expand ed-.-UOiX'  con's iderablyd 


.A  ma.ior  shortcoming  of  dinitrobenzene  is  its  toxicity..  For  this  reason,  it  is 
product,  in.  peacetime  "only  in, quantities  required  to'satisfy  the'  need  of  the  aniline  ' 
dye  industry  for  jUUi  production  of  meta-nitroaniline;  and.  meta-phouylenediamine,  vrtiich 
are  intermed'iate  products  for  dyes.  In  wartime,  dlnitrobenzene  is  frequently  ■  .  , 
produced  in  shops  that  manufacture  .WT  (when  toluene  is  unavailable)  the  starting 
and  intermediate  products  emplo.ved  in  the  manufacture  of  TOT  and  dlnitrobenzene  are  ' 


rather  XXldiXi  similar  in  their  properties. 


During  World  War  I,  picric,  acid  np  was  asployed  in  an' alloy  with  dinitrobenzene 
and  a  little 'vaseline,  as  a  phlegnatizer  {87%  picric  acid,  10^  dlnltrobenzane,  and 
y%  vaaeline).  In  Ehgland,  this  alloy  waa  used  to  fill  armor-piercing 'shells,  anj  ‘ 


large-caliber  shells.  In  Germany,  a  aixturs  of  potass'ldm  chlorate  and'diiiitrobenzen'e 
of  the  following  eos^osition  wae  ssiployed:  56^  KCIO^;  32^-dlnltrobenzene;and  12!^ 
dinltronaphthaleiie.  When  heated,  this  mixture  liquifies,  and  it  is  thsrefors  sasy 


to  fill  shells  with  it. 


Al.loys  of  dinltrobentene  and  TOT  have  not  found  application,  as  they  melt  at* 
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low  tMQxrcturos. 


with 


During  World  War  II,  dinitrobenzene  was  amploysd  In  a  mixture  tX  ammonium 

nitrate" and  'other  e^qilosives  in  the  filling,  primarily,  of  aviation  bombs.  In  Germany, 

.  •  *  *  .  *  *  “  *  • 

aerial  bombs  were  filled  with -dinitrobenzene  by  the  so-called  piece  method;  pieces  of 

•  .*  *  *  ’  •  .  •  ^  ^  a.  ,  .  ’ 

PZ^.  RDX.  calcium  nitrate,  and  anmohiimi  nitrate  were  loaded  in,  U[  and  .then  melted 
dinitrobenzene  waa  poured  Tin  to 'fill  up.. 

'■  The  use  of  dinitrobenaene  to  produce  ersatz 'oiiplosives  makes  it  possible  to 
expand  the  supply  of  rawmaterials  Availablai;  - 

Trinltrobsnzene.  The  1,3, 5- isomer  wm  first  obtained  by  Hepp  (Bibl«16)  in 
1870  by  reacting  very  strong  mixed  acid  'with: diritrobenzene  at  high  temperature 

■  ■  '  • ' ’'c j  I,  (N.t Vj ■+ 1  iNOj --/qi 

i, 3, 5-Trinitrobenzene  is  crystallized  from  alcohol  in  the  form  of  white  platelets 

of  rhombic  shape.  The  freezing,  polnt'.i’s  123.25®,  and  the  specific  gravity  1.69. 

. '  'hy  -S' 

The  density  practically  attaihable  UjUll -pressing  is- 1.65. 

Table  39  presents  data  op  .the,  solubility  of  i,3i  5-trinitrobenzene  in  -various 
solvents  (Bibl.92),  and -Table  6^0- shows  it e  solubility  In  sulfuric  acid.  The  Tables 
^  show  that  ,  the  best  solvent  for  1, 3, 5-trini'tro benzene  is  pyridine,  and  acetone.  The 
solubility  of  l,3,'5-trinitrpl)enzene  in  sulfuric  acid  is  practically  equal  to  the 
solubility  of  MitiljWUmi  meta-dinitrobenaene  (sae  Table  38). 
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Tablff  39 


“■I 

b) 

17 

50  j 

100 

Cj 

112,60 

191,23  ! 

d) 

59,11  ! 

160,67  1 

-- 

el 

29,83 

52,40 

... 

n 

11,86 

46,31  ' 

. 

6,18  i 

25,70 

i  — 

hi  i 

6,2i 

18,42 

1 

0  I 

3  •  io 

7,62 

— 

j)  ! 

2,09  ■  J 

*  4,57 

K)  j 

.  1 

1.70  ' 

] 

2,72 

(  at  32“) 

— 

! 

j 

0,24  j 

0,44 

<  at  33“) 

— 

mj  I 

0,03  1 

0,10  1 

0,50 

a)  Solvent;  b)  Solubility  of  trinitrobenzene  (in  100  gn  solvents),  Ln  gm,  at 
temperature  in  ®C;  c)  Pyridine;  d)‘ Acetone;  e)  Ethyiacetate;  f)  Toluene;  g)  Benzene; 
h)  Chloroform;  i)  Methanol;  i)  Ethanol;  k)  Etherf  1)  Carbon risulfid'e;  m)  Water 


.<1. .  .*1  isscj.ta  ti  e  melting  no.int  of  ai  loys  of  1, 3 , 5-trinitrobenzsne  and 

meta-dinitrobenzene,  which,  as  is  evident  from  the  data  presented,  first  drops,  and 

then  lnc;rea.<ios .  This  testifies  tr>  fho  rr.ictcncc  tf  a  »utei.v.i.o  uuJtture  or  i,3,5- 

trinitrobenzena  and  meta-dinitrober.zeno.  In  point  of  fact(  tri'nitrobenzene-1,3, 5 

does  ;  ield  a  eutectic  mixture  with  meta-dinitrobenzene,  melting  at  61.9®  (Bibl.S?).  ■ 

Some  investigators  (Pibl.92,  93)  regard  this  to  bo  an  unstable  modification  of 

.  <■ 

i  ,3,5-trinitrobenzone.  Ui-beinskiy  (Bibl.94)  has  convincingly  demonstrated  the  absence 
of  diinrn'nism  in  1,3, 5-trlnltrob«fnzene. 
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Tabic  ko 


6) 

a) 

- _ 

70 

SO 

90 

■  lUO 

0,5 

1 ,05  . 

7.8- 

21,5 

40 

0,75 

1,75 

x8,6 

24,0 

fK) 

0.9 

■1,9 

.■^.ii.s 

26,5 

60 

1.15 

2,3 

<  11,05 

28.0 

70 

1.2 

2,95 

12.05 

32,0 

60 

1 .5  • 

3,7.5 

11,75 

34.3 

00 

2,0 

4,15 

■  17,75 

37,0 

100 

2.5 

5,(K) 

1 

21, '30 

42,4 

a)  Tenperature,  °C ;  b)  Percentage  solubility  of  trinit rooenaene  in  sulfuric 
acid,  strength  in  percentage 

■  ‘  Table  4l 


d) 

b) 

c)  1 

- 

100 

f 

'  0 

120,3 

90 

■  10 

109,8 

80 

20 

98,3 

70 

30  [ 

86,2 

00 

'  40  ! 

74,2 

55 

i  45  1 

65.5 

50 

50 

61,9 

40 

60 

65,5 

30 

!  70 

72.3 

20 

I  80 

78.2 

10 

1  90 

j  84,5 

0 

1  lOO 

'  89,9 

a)  Ccaposition  of  alloy  of  trinitrobenzene  and  dinitrobenzene j  %;  vtnmfsa. 

b)  1,3,5-trinitrobenzene;  c)  m-dinitrobenzsae;  d)  Melting  point  of  alloy,  ®C 

1,3,5-Trlnitrobenzene  is  a  neutral  substance  that  does  not  react  with  sMtals 
and  oxides  thereof.  With  alcohol  solutions  of  bases,  such  as  TOT,  it  yields  ■stallic 
deri'/atives  red  in  color,  hawing  a  low  detonation  point  and  high  sensitivity  to  * 
mechanical  action: 
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O  OK 
N 

NO,  II 

CH3OK  1^^ 


OjNJi^J'NO, 


OjN'^^'NO, 

/\ 

H  OCH, 


138  ■'  Reduction  bv  tin  in  hydrochloric  acid  permits- the  conversion  of  trinitrobenzone 

to  triaminobenzene.  Certain  oxidizers  (for  example,  K3rFe(CN)^])  transform 

1.3. 5- trlnltrobenzene  to. picric  acid.  The  dilute  solution  of  caustic  .soda  converts 

1.3.5- trinitrohenzene  to  sodium  dinitrophenolates: 


NOj 

\ 


ONa 


(',N 


+  2NaOll 

N(.\.  (V.N 


4-NaNO,'+llj():- 


The  effect  of,  gaseous  .ammonia  at  "low  temperature  ItX  upon  ,1,2,3-trinitrobenzene 
leads  tc  the  formation  of- a.>eddi3hl.brown  cip.’stalllne' mass  (with  metallic  glitter), 
coi^os.ition  of  yrhich  re’/eals  .a'  formula'  of  CjjH3(N02)3  *,  2NH3.  The  presence  of 
moisture  ,  as  well  as  reduction;  of  t,em-perat’ure')significantly  increase  the,  reaction 
speed.  Like  TNT,  1,3, 5-tr'inltrobenzene  yields, ''complexes  when  reacted  with  various 
amines,  as  well  as  other  .compound8'-(Bibr,95,9'’’)  •  'With  HX 'phlproglucine,  in  alkal5.ne 
solution  1,3, 5-trinitrobenzene- .rforms  polycyclic  ccanpounds  (Bibl,97).'  •  . 

The  asymnetrical  trinitrobenzenes  are  more  reactive.  Thus,  substitution' of  ;  "y 
the  nitro  group  by  the  hydroxj-l  occurs 'even  under  the  influence  merely  of ''weak  soda..,; 

solutions;'  .  '  .  •  ’ 

.  .  ■  NO,-’’  ■  NO,  •  ’  ' 


•  \  • 
NO, 


NOj  i  .  I  ONa 

-j-NaXOs  -i  1  -hNaNOj  +  CO;, 


NO, 
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When  asynmetrical  trlnitrobenzenea  are  heated  vrith  an  aqueous  ammonia  solution. 


tJie  nitro  group  is  replaced'  by  the  amino  group: 


NO, 


NO, 


I 


NO.  .-NH,;,. , 


I 


NO, 


NO, 


.  ■ '  .When  an  aqueous  sodium"  sulfite  solution  i.s  react  A.  with  asymmetric  'nOHHtilty 

isomers,  sodium  salts  of  dinitrobenzene' sulfonic  acld.resu.lt:  —  . 


.  NO, 

i  ' ;  ^ 

I  I 

\ 

■  NO, 


■NO,'  ’  ••• 

•/  - 


-f.Va,S.03-y  i 


SO,Na 


+  NaNO,. 


■ 

•  •  N( u' 


.V  -r' S;,Tnmetrica!l'-l,3,5-trinitrobenzene  forms  a  compound' C^^H3(K02)3  *  Na2S03  in  caustic 


••••V 

yi?  if  ^  •  • 

.Vj;  ■ : . 


.-.■•.it,.’  •  ..  •'  t 

wi-th  the  To’llowJng  equation',  .'■■■.  .  ./•  *'•  ’’  :  .i  . 

..  ^  ..  ■  ^  '  '  '  ■  .  •  . 

C„H,(NO,)3-Xa,si'(3+II,SO. -•C,ll3i(Na^)3+l!,()  +  Na,SO,-fS()3/•■• 

* •*/...*  •*'  .•  *. 

’’  T.he  method  employed  ^sepe^atejl  tfinitrobenzeneTrom  an  alloy  thereof  with  .  . 


.«  a  *■  4 

.  •  *  •  S»  ■ 

•  5  'yt. 

’  .  .  -  *  '’j* 


'ivldifiltrobenzehe  is  .ba3^;.UDon ‘this  property.' •, 

■  'The  stahilitvof.'trini’trobenzene  Is  equal  to  that  of  TNT,  Tafhereas’  its  s'nocK  •• 

■'*^1  sensitivity  .is  considerably  higher  (it  explodes  upon 'the  dropping  of  a. '2  kg  vreirht 

from' a  height  of  46  cm,  whereas  in  the  case  of  TNT,  the  distance  r^uired  is  ICO  cm) 

»  '  '  *  •  *.  •*  • 

■  '  '  '  •  *  • 

(Bihl.35).  As  compared  with  TNT,  the  raw  materials  ICCi  that  may  be  used  for  production 
Are  more  exbe'nsi'/e,  and  if  a  favorable  IX  solution  is  found  to  the  probltan  of  production 
of  trinitrobenzene,  it  could  find  the  same  field  of  application  as  TNT.  An  insignificant 
quanti'ty  of  trinitiobenzene  was  employed  in  World  War  I  in  the  filling  of  naval 


armor-piercing  shells. 
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Table  42  preeenta  the'  exploelve  properties  of  trinitrobenzene. 

■  Table  42 


Characteristic 

’  rrinitrobenzeno 

Volume  of  gaseous  explosion 

'.711 

products,  in  Itr/kg 

1 

Heat  of  explosion,  kcal/kg 

;  1104 

.  Speed  of  detonation,  m/sec 

1  7300 

Brisance,  due  to  Hast,  mm 

4.7 

Fugacity,  in  cc  325 

.  Tetranitrobenzene  (hibl.98)  -  tho  l,;i,3,5-3  3oiner  -  is  a  crystalline,  bright 
yellow  substance,  iiaving  a  melting  point  of  129  -  130®.  It  fuses  without  decomposition 
in  the  fused  state,  and  will  not  decompose  in  a  6-hour  period. 

Vft  liquids  containing  ox:-f;en  in  their  molecules  (alcoho],  acetone,  ether,  etc.) 
vri.1.1  dissolve  it.  In  hydrocarbons  and  thsir  halide  derivatives,  1,2,3, 5- 
tetranitrobenzene  dissolves  to  a  sufficient  degree  (particulwly  when  heated),  and  is 
capable  of  being  recrystallized  therefrom. 

In  water,  1,2,3, 5-tetranitrobenzene  virtually'  u-iergoes  no  dissolution  at  all, 
but  when  it  is  allowed  to  stand  in  a  vessel  with  water,  the  latter  acquires  a  yellovf 
coloration  even  within  half  an  hour.  The  color  is  due  to  the  reaction  of  1,2,3, 5- 
tetranltrobenzene  with  water,  resulting  in  the  formation  of  picric  acid: 


U,  Trlnitroxvlene  anti  Other  Nitro  Derivatives  of  Xylene 


Trlnitroar'leno  C;^H(CH3)2(N02)3  is  a  nroduct  of  tte  r.itration  of  an 

aromatic  h’.'drocarlion  x;/lenfc.  I'rinltrox^.'lene  was  first  o>  taine  i  in  IS- 9  i  Fittip. 

As  a  consequence  of  its  weak  exr'losive  properties,  as  wel]  as  of  tne  oomparativei 

(consideraMv  less  jo-lene  than  toluene  is 

small  sunnl”  of  raw  materials  for  ma.kinp;  it 

four:'!  in  tie  distillation  products  of  coal  and  petroleum),  JtJfcliOUi  :^’l'  1  has 
considera'.  1,-  less  sirnificance  as  an  explosive  than  does  TI.'T.  was  widel,- 

emplo’ ed  in  the  First  iVorld  '.Var,  rut  was  used  to  an  onJ,"  1  "sipnifi cant  ief^ree  Uurinr 
the  4^  Second  ./orhd  ..'ar.  Jurinp  the  First  rvorli  .Var,  it  was  produced  in  irance,  iXX 
the  IJSji,  and  Russia. 

In  neacetime,  x:.'l."i  Is  emriopoi  as  a  component  of  ammonium  nitrate  explosives 

containing  3811  ammoni'.im  nitrate  and  j2'f  x:'l:'i. 

In  Russia,  product ’on  cf  was  undertaken  on  the  initiative  of 

rrcf.  A.A,3olonina,  who  ieveiopei  a  metiod  of  proiluoing  it  tv  nitration  of  coal  lig/t- 

fraction  resin  XT’enes  mixed  acid,  fhe  producticn  of  x;;'!.'.]  was  undertaken 

simultaneous!;’  a:  trree  rd^htts:  Lr.e  tikhta,  Krotr.e,  and  Shterov.  A;  ]yl  was  employed 

in  a  mix-^'rre  xvit  '  ammonium  nitrate  to  fill  hand  grenades  and  mines.  Later,  a 

mixture  of  x;/!;.'!  liM  with  PHT  and  ammoniiar  nitrate  was  emplo-ved  to  fill  shells. 

Lection  1.  Chemistry'  of  Production.  Properties,  and  Applications  of  Nitro  Derivatives 
of  Xylene 

Xylene  C^H;. (^2)3  (or  dimethylhenzene)  exists  in  three  isomeric  forms: 

ortho-,  meta-,  and  para-,  in  addition  to  which  ethyl  benzene  (0^11502115)  is  isomeric 
therewitn.  The  basic  physical  properties  of  these  aromatic  hydrocarbons  SX  are 
presented  in  Tables  43  and  44. 
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Table  UJ 


a) 


bj 


tj 


ej 

f) 

.  91- 
‘M 


1  11,0 
13!), 3 
138,3 
136,2 


-25,0 
-  -I?.  ) 
-13,2 
-Ol,  1 


0,881 

0,867 

0,861 

0,86-1 


a)  Compound;  V  )  I'oilinp  point/  ^C;**'*c)  Melting  point,  .d;  .Specific  gravit.,  i 

e)  Ortho-x;.  lene;  f)  Meta-x:/lene;  g)  Para-^/iene;"  i)  Jithyi !  ehzene  v- 'l-v  ■ 


Compound 

Ortho-x^.’lene 

Meta-x>'lene 
Para-x^.'lene 
Kthyli  enzene 


L 


Water 

Ii'.30luT.le 

j  nso-1 1  e 
Insolnr le 
C  .('i 


Table  IJi. 

■  Colutility  iri  ■  100.  giTi 'of  ,  at  15°' 

■Absolute,  Alcohol  ^  .'Etler' 


■3olu'-ie  in  an,’,  duanti  t,--' :  CciubJe  fri  an: 

■  '  q’lantit,’’ 
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Wnen  strong  su’Turic  aci  i  Is  reacte'l  wit!  vlenes,  the  reaction  with.  e  meta- 


isomer  goes  most  readil”,  results  in  formation  of  meta-x;vlene-.'^-3ul  foni c  acid  and 


meta-x7.’lene-2-sulfonic  ■>  ac  id : 


rii, 


Cll, 

''  50  ,H 


.,CH3  ^.Ul 

SO.H 


Ortno-  and  parei-xr'lenes  react  with  greater  difficulty  with  sulfuric  acid  because 
of  the  difference  in  the  effect  of  the  methyl  groups  upon  the  orientation  of  the  ' 
sul fo  group.  The  reaction  products  are  iUJUi  ortho-xylene-4-sulfonic  acid  and 


para-xylene-2-sulfonic  acid  (Eibl.llb): 


CM,, 

.  ''-"a 


ani 

SOjH  bll;, 


('ll., 

'■80,11 
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At  100°,  weak  rritric  acid. (30^  HNO3)  oxidizes  cr-&ho-  and  para-xylene  to  the 
corresponding  toluic  acids.}  meta-xylene  does  not  react  under  these  conditions. 

A  mixture -of  chromic  and  sulfuric  acids  oxidizes  ortho-xylene  to.C02  and  H2O,  an'd 

meta- 'and  para-xj’lenes  to  p'hthalic  acids  (liibl.117).  .  .  •  '  ‘  ' 

**  .  *  *  *  .  *  *• 

Xylene  is -obtain^  in  thd  coking,  of  coal  and  in  the  p’Tolysi'’  of  potroleim  products. 


•  .Tablo;A5. 


Technical -xylene  consists -of  all  ’..r  pee.  isomers 


Lomposition  of  .Xylene,’ ,‘/K  '  "'V  ■  :  ‘  .  .  v  *  ■  . 

•A-‘:/;;and  of  ethyl  benzene,  and -also’ .contains ’’ 


^C‘!Cbmpounl";;:vp-- — -.p,---  ^ - ;  - 

' — -'  I  ”  '  .■  'small  Mounts  of..trimet"hylbenzene.':and 

Meta-x.-iene,:' 


"ParaX'xylene  :}  ' 

.■'"IM  y  4-1“  Id— i: 
Orti.b-xj'lene'’  ‘‘ 


05— 7ir--*r  d’-'C-.-n' 


Ethylf-enzens 

-Gaaolines 


I  8-11 

OI-S  i 

s’- Id  !  .  di-d.')’  • 
1— d  ’  13-15 


..  gasoline’s  .  Composition  of  .  coal  x^/iene  ■  ■ 
differs  sharply  from  the  petroleum  pro^iuct 

,  A..*!?  *  '  ; 

(Table  A5)  ’  .(Ei’r.1.117, 118)’ in  that  it  has  a 


"  '  ■  \  '  ‘  .  •  * 


'  content’ of -ethyl  benzene*  and.  paraf. ‘’ins.  • 

.r  /. 

bue  to  the  small  difference  in  their  'ooiliag  points,  .these,  hydrocarbons  cannot 
he  separated  by  distillation.  ’  .-  'l:';.* '■  ’’  *■ 

Separation  fy  freezing  (hi’rl.jl9)  or  '^y  omplojcnent  of  thu  differences  in  the 
solubilities  of  the  calci'.an  salts  of  their  sulfonic  acids  ( tibl, 120} '  also  does  not 
.vield  iiaXmiitmiXjUUiX  .satisfactory  results.  The  most  valuable, Sil.  for  purposes  of 
ni  tration,' meta-xylene ,•*  may  he  sop-arated  by  oS*  oubjoctlng  'toch'nical  xylene  to 
suifonation  ItKX  by  sulfuric  acid  (96^  H2SO;!,)  at  50  -  55°»  This  res’ults  in  the 
sulfonation  of,  and  the  entry  into  solution  merely  of  the  ortho-  and  meta-iscr.crs, 
while  the  para-x:/lene,  the  ethyl  benzene,  aral  the  gasolines  are  separated  out. 

The  ortho-  and  meta-xylene  sulfonic  acids  are  decomposed  hy  steam,  the  meta-x;>'lene- 


sulfonic  acid  decomposing  between  130  -  lUCP,  and  the  ortho-xylene  sulfonic  acid 


decomposing  at  InO*’.  The  liberated  hydrocarbons  were  driven  off  witli  the  water 
vapor  and  separateclfrom  the  water  vapor  in  a  condenser  (hibl.121). 

Purification  of  technical  xylene  to  be  nitrated  is  tjnprbfitable,  when  performed 
in  the  manner  described. 

Therefore,  it  is  primarily  xylene  derived  from  coal,  which  contains  the  largest 
amount -of  meta-  and  para-isomers,  that’ is  chiefly  employed  in  nitration.  The  content 
of  other  immsri ties  is  limited  ,by  the  technical  specifications,  in  accordance  with 
xylene  has  to  have  *a  specif  >o  gravity  of  0.8^  _»  0.003,  must  go  over  in  the 
13'  .j  -  lM.b°  temperature  interval,  and  not  less  than  95^  of  xylene  must  “go  over’ 


in  a  temoerature  range  of  no  more  than  ^.'5°.  . 


Mononitrbxiyiene.  ■  When  technical  xylene  is  nitrated  ty  mixed  sulfuric  and  nitric 


acid,  teci'.nical  .mononitrox:;'lene  is  formed. 


■  ■  Cel  1,  (CM, >2+ 1  INOj  -  Celia  (Cl  !a)j  (NOj)  +  I  IjO. 


?r:e  nitration' nroduct  is  a. mixture  of  isomers.  Tims,  nitration  of.  meta-xylene 
results' in  the  formation  of  three , isomers  (Bibl.122,  •123)^chiefly 


Cl  la 

/  [NO, 
'  .Cl  I. I 


.  Cllj 


2-nitro-meta-xylene  and 


if-nitro-meta-xylene , 


■  •'  i  ■  Cl !,-• 


as  well  as  a  small  amou.nt.  cf 


•  Cl  I, 


OsN .  Cl  I, 


5-nitro-meta-xylone. 


Nitration  of  nara-xylene  results  in  the  formation  only  of 


Cl  la 

'jNO.. 

Cl  I, 


2-nitro-para-xylene 


It  is  more  difficult  to  nitrate  ortho-xylene  than  the  meta-  and  para-isomers 
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(Bibl.]??),  and  two  Isomers  (Bir.i.l2S)  are  formed  as 


a  consequence: 


Cl  I, 

’  1^*  3-nitro-ortiiO-:!ylene  and 


Cilj 

'  'iCn 


’  4-nitro-ortho-xj'lene 


\ 


NO, 


Kobe  and  Pritchett  (Bibl.129)  have  investigated  the  effects  of  various  factors 
upon  nitration  of  ortho-x;/]ene  to  the  mononltroderivative.  They  determined  that,  when 
the  optimum  conditions  arc  adhered  to,  a  yield  of  90^  mononitroorthosq/lene  may  be 
achieved.  Tbs  nitration  product  consists  of  582  3-nltro-  and  422  4-nitro-ortiio-xj-lene. 

Of  the  three  xylene  isomers,  meta-xylene  is  nitrated  most  readily  (D'.i  1.123,  130). 
h'i+rction  o,'  meta-xylene  requir''3  JUH  half  as  much  sulfuric  acid  as  does  nitration  of  the 


ort: n-  and  para-isomers.  . 


rable  4'  presents  a  comparison  of  the  conditions  of  nitration  of  the  isom.ers  of 


XV  I.ene. 


Table  44 


j 

bi 

!  j 

i 

1 

1 

1 

d) 

1 

eJ  1 

1 

i 

9) 

! 

1 

i  '' 

J) 

c) 

i 

! 

1 

i 

orllio(2.  J). 

!  G—lfp 

!  .G 

15.8 

j 

so  I 

78—82 

60 

!'  90 

■  y) — ;it 

30 

5.0  , 

85 

77—85  i 

30 

1  02 

1 

i  5—55 

j  30 

10,0  1 

1  S!  ' 

1  1 

77— S5 

1  1 

00 

!  98 

a)  Molar  ratio  ;  h)  Temperature  °C;  c)  Permissible;  d)  Optimal;  e)  Excess 

H2SO4. 

tuiOi,  %;  f)  strength  of  II2SO4,  %;  p)  Reaction  tine,  min;  h)  Maximum  yield,  % 


Nitration  of  ethyl  benzene  £](iUi  forms  a  mixture  of  three  isomers:  ortho-,  para-, 
and  meta-.  The  technical  product,  obtained  at  35  -  40®,  consists  of  4l?.5v  para-,  4X 
452  ort'.o-,  arri  5f(.  jneta-nitro-athylhonzenes  (Bibl.131,  132). 


2'’3 
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Para-nitroethylbenzene  waa  recantly  suggested  as  the  starting  material  for  the 


production  of  an  important  pharmaceutical,  synthomycln,  and  a  continuous  method  of 
producing  mon6~nitroothylbenzene,  vri.th  subsequent  separation  of  para-nitro  derivatives, 
has  been  developed  for  this  purpose. 


The  physical  properties  of  the  various  nitroxylene 

are  presented  in  Table  47. 

Table  47 

and  nitroethylbenzene  isomer: 

Specific 

Jjoiling  Melting 

Appearance  under 

Chemical 

Cravitv  at 

Point 

Point 

Normal  Conditions 

15° 

°C 

oc 

2-IJi  tro-meta-jr/l  ene 

1 

Light  yellow  liquid . 

4-Nitro-met,a-xyIene 

!  Mb’  i 

\  I 

«-o 

13 

1 

The  same 

5-Nitro-meta-X”ler.0 

;  1 .  l.ir.  ■  1 

■->37 

ilongated  needles 

1  ■  ■  ' 

373 

74 

2-Nltro-para-xj'lene 

1  1 

i  uuj  i 

239 

Light  yellow  liquid 

1 

3-h'itro-ortho-x;/iene  j 

!  1 
i 

■3I0 

15 

The  same 

4-Mitro-ortho-x;.'lene 

— 

1 

33s  j 

!I 

Yellow  prisms 

i 

2-)3  1 

-11,5 

Ortho-nitroethylbenzene 

i 

3(r>  1 

37 

Yollow  liquid 

Para-ni troethylbenzene 

) 

1 

Tiie  same 

Keta-nitroethvlben7;i»>^®  * 

i 

Dinitroxvlene.  When  technical  mononitroxylene  is  nitrated  with  mixed  acid, 


^echn'cal  IM  dinitroxj-lene  reou'i-s; 

Ql  I,  (CH3), (NO,)  +  UNO,  -  C,fi,  (CH,): (NO,),  +  H,0. 

The  nitration  product  is  a  mixture  of  isomers.  Thus,  2-nitro-meta-xj'lene  has 
two  isomers:  primarily  2,/+-dini tro-meta-xylene,  and  a  small  amount  of  2,5-dinitro- 


meta-xyiene.  The  Vnitro-meta-xj'leno  isomer  yields  primarily  2, 4-dinitro-meta- xylene; 
/+,'l-dinitro-meta-xj'lene,  and  a  small  amount  of  4,5-dinitro-meta-x:-lene.  The 
h-nitro-mota-xj-lene  isomer  yields  5-dinit ro-meta-xylene. 

The  2-nitro-pAra-xylone  isomer  yields  primarily:  2,6-<linitro-para-xylene, 
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2.3- <linitro-para-x.vlen«,  a«  vraLl  as  a  sniaiJ  amount  of  2,5-d 'nltro-paratixj'Jene.  The 
3-nitro-ortho-x;'/lene  isomer  yields  (Pibl,128)  3,4-dinitro-ortho-xylene,  3,h-dinitro- 
nrtho-xyJene  and  3,5-  or  4,f'-dinitro-ortho-xj'leiie.  The  ^i^nitro-ortho-xj'lene  isomer 
.vieJds  4,'‘'-dlnitro-ortho-xylene,  3,4-dinitro-ortho-x}’]  ene,  and  4,,  5-dini^.ro-ortho- 
x^.-iene  (l■i^)J.132). 

For  all  practical  purposes,  the  ortho-  and  para-ni troethyl  benzenes  only 

.-;,4-d  i  nltro-ethyl  benzene.  The  mets.-'t  1  nibroethyJd  enzene  usually  oxidizes  as  early  as 
t^e  conditions  o:  taininp  in  t^e  second  phase  (Fici.133). 

The  p'ysical  properties  of  ire  various  isomers  of  f'e  dinitroxr.-'enes  and 
di  nitroethyl :  enzene  .are  UlJjiijtX  d  1  lust  rated  in  Table  1^3. 

i’  '  ■•Trinltroy.-l ene.  .vr  on  ‘  ecrnioaj''iinitrox:';er'.e  is  nitrated  with  mixed  acid, 

teclnicai  trlr.'trox;  iene  is  forme;: 

C5Hj(CH5)j(N0j)j  +  I1N03 C,;H(CH,)j(N05)3  +  H20. 

As  was  s.'cwn  by  I  . J  .Sidnev,- tr  e  speed  of  this  reaction  under  i.omoReneous  conditions 

is  quite  biph,  and  does  not  iiminisr.  under  heterogeneous  conditions.  Tr.is  last  is 

explained  by  t.'-e  fact  that  the  trini trox^.lene  obtained  under  conditions  of  nitration 

is  lirerated  in  tl'e  form  of  sciiil  product  and  therefore  does  not  dissolve  dinitrox;.-iene 

state 

(unll';e  RiT,  which  is.  in  i.'e  liquid  under  these  conditions),  and  consequently,, 

'ires  not  reduce  tr  e  strenptb,  tl  ereof. 

The  nitration  product  ol'  technical  dinitroxr^lene  is  a  mixture  of  isomers.  Thus, 

•• 

2.4- dinitro-meta-x7/lene  yields  two  isomers:  primarily  2,4,5-trinitro-meta-xy'lene,  and* 

a  very  small  quantity  of  2,4,5-trinitro-ineta-X5'lene.  The  2,5-dinitro-meta-xj'lene  isomer 
yields  2,4, 5-trinitro-meta-xy lone.  The  4,6-dinitro-meta-xylene 

isomer  yields  primarily  2,4, 6-trinitrc— meta-xylene  and  a  very  small  amount  of 
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2% 


1 


5^  Upon  nitration  of  the  ItX  3, and  3»^^-dinitro-ortho-x;<lenes,  3,4,r.-trin3*,ro-ortho- 

r'/lene  is  formed,  while  nitration  of  /K5~dinitro-ortho-xj'lene  results  in  the  formation 
of  3,4,5-trinitro-ortho-x:’lene.  Nitration  of  3,S-  or  4,' -dinitro-ortho-viane  yields 
KX  3,4,5-  or  3,4,'-trinitro-ortho-K',’lene  (Pibl,128,  135)t 

Ortr'.o-x;.'lene  nitrates  witii  considerably  more  UXIlHUUi  difficulty  than  meta-  and 
para-x>’lene.  Its  nitration  to  the  trinitro  compound  results  in  the  production  of  an 
jii.  Which  freezes  with  difficulty  at  15  -  18^'.  The  yield  of  trinitro-rroduct  is 
ai.out  h4-55'.5  of  the  tlneoretical  (hi!  1.135). 

iV^-en  ethyl  uenzene  is  nitratel  to  the  trinitro  lerlvat've,  usually,  a  single 
isomer,  2,4,' -t  rinitroet!  y  I  r  er.zene  is  formed.  The  nitrat'’on  of  etnyl  Ijenzene  under 
t;  e  sane  conditions  as  xyiere  liUUHSX  leads  to  incomrlete  conversion  to  the  trinitro 
comr-our.c.  The  product  contains  a  cons  idera:  ie  quantity  of  uinitro  derivative  and  is 
an  oily  su‘ stance  t'r.at  does  r:or,  solidify  ittiKXiXX  even  at  -20tC  ( hi  i  1 . 1 3') . 


The  yie:i  of  t'r.is  product,  calculated  as 

Tat  le  4v 

Uoluhility,  of 

trinitro  compoiuvi,  is  'h'li.  It  sliouid  be 

I  2,4,‘-ty 

iritro-meta- 

x:,''1ene  ' 

ir.  IOC  gm  of 

Solvent. 

solvent) 

noted  that,  due  to  the  lengtr,  of  the  side 

at  20'" 

[at  I'd  ling 

Point 

,:hain,  a  considerable  part  of  che  et:.;,  1 

:  er  zene 

! 

y.t  ’ 

Toluene  i 

I 

>  -  • 

uenzene  and  its  nitro  deriva’,.ives  iX  oxidize. 

Htryl  alcorol  | 

.  IT 
•  »  -  > 

I 

•  •• 

under  conditions  of  nitration,  'c  • ;  troi  enzoi  c 

acids  (hill.  13'’). 

The  physical  properties  of  tr.e  various  trinitrozj'l ene  isomers  (HiM.138,  13^)  are 
illustrate,!  in  Tables  liS  and  49. 

The  quality  of  technical  xylene  is  dependent,  primarily,  upon  the  composition  of 
t!)e  xr/lene  being  nitrated.  Onl;,'  the  meta-  and  para-xylenes  yield  a  quality  non-oily 
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product  The  trinitro  derivatives  of  the  meta-  and  para-xj'lenes  form  a 

eutectic  mixture  of  the  follovfi.ng  composition:  trinitro  derivatives  of  para-  and 

2/f/t  trinitro  derivative  of  meta-  melting  at  12t  j  - 

Inasmucr  as  the  techiiical  product  always  contain  more  nieta-  t-ar.  nara-isomer,  t'--.ese 
two  isomers  usually  yield  trinitrox;,-lene  with  a  melting  point  of  170  -  corresponding 

to  a  content  of  60  to  9u/i  of  tr ir.itro-meta-x^rJ ene,  and  from  20  to  JO't  trinitro-f'ara- 
xylene. 

orthox;.diene 

Mix*.ure3  o:'  tr.e  nitro  derivative  of  iidfXKlKitJtliytii  and  et. benzene  ;  ield  a  liquid 
oily  rroduct  '‘rorr  wi.iot  t:  e  3oi..id  trinitroxvlene  i  as  to  ie  cleansed. 

As  tie  meta-xy  ene  nl*  rates  more  reaiiiy  Li- an  do  ot;  er  el  isomers,  an  attempt  was 
made  to  create  ccnditions  of  nitration  suet  as  to  nitrate  tne  meta-x’/lene  to  iiSKMJjUfiS 
mononitroxy  ler.e,  wit 'out  nitratir:g  the  other  isomers,  ana  only  then  to  drive  off  t.ne 
incomp  leteiy  nitrated  components  from  the  mononi  troxylene.  However,  work  '•as  shown 
ti^at  it  is  not  possi;ie  to  nitrate  meta-x;.-lene  to  mononit roxr’lene  witlout  nitrating 
tne  otner  isomers. 

In  industry,  tecnnical  x;-iene  is  nitrated  to  trinitrox;vlene,  and  only  then  are 
the  liquid  oily  products  separated  from  the  main  product.  The  separated  liquid  oily 
products  are  called  x:.'iene  oil.  The  separation  of  the  bulk  of  the  oil  from  the  product 
is  performed  >^y  treating  wILi.  hot  water  on  a  centrifuge,  and  the  residual  oil  is 
removed  r.y  use  of  a  solvent  (extraction). 

Tlie  technical  xylyl,  freed  of  the  oil,  is  a  fine  crystalline  substance, IfiKXJi  white 

or  sllgntiy  yellowish  in  color.  The  freezing  point  of  the  purified  product  is 

170  -  1760,  its  specific  gravity  1.65,  its  gravimetric  density  0.6,  Xylyl  is  virtually 

in 

insoluble  in  water,  dissolves  poorly  in  alcohol,  and/a  mixture  of  aloohol  and  benzene 
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as  the  soditan  sulfite  does  not  react  upon  the  nitro  derivatives  of  ethyl  benzene. 

The  treatment  of  technical  x,':l;.'l  with  a  Si'  sodium  sulfite  solution  at  ‘'-0°, 

for  three  hours,  resul  t-  increasin?  tr  e  freezing  point  from  ]'.2  -  ; '  3°  to  lhB°.  The 
treatment  with  a  -  '■>'1  sulfite  solution  at  70°  for  four  hours  yields  a  product  r;avinp 
a  freezinr  point  of  174.'°,  tut  losses  attain  2/1, ?■  in  this  process. 

.vith  respect  to  heatin/t,  xyly]  is  very  hipnly  stal  'e  and,  despite  the  hie! 
melting  point  (j"0  -  180°),  it  fuses  without  decomposi  tJon.  Its  detonation  point  is 
about  330°.  ■  .  ,  ‘  ‘ 


When  compared  with  Tl.";’,  x;,'!;/!  is  somewhat  more  sensitive  to  shock  and  less 
receptive  to  ietonation.(the  minimimi  initiating  charge  of  mercury  fulminate  for 
conTpressei  xylyl  is' al  out  ^.'2  gm;  whereas  -for  nil"  it  is  0.38  gm).  Xylyi,.  freed  of 
oily  impurities,  causes  2''0  cc  expansion*in  tr.e  Trauzl  'lock,  wr.iie  its  'urisance 
is  iC  mm  on  toe  'iess  scale,  wfrile  detonation  velocity  is  ■  ■  CC  m./seo.  f!,us,  x:-j.vl 
is  inferior  to  Ti.T  In  exj'los've  properties. 

Xyl'-i  is  employed  to  TIjI  m.uriticns’ in  alloys  with  TNT,  in  mixtures  wit;. 


ammonium  nit-ate,  and  is  also  oaparle  of  ;.eing  used  in  the  pure  form,  A  composition 


of  iiti4N03,  30.5'’  TOT,  and.»12.5i  x^-'iyl  is  used  to  fill  shells,  whereas  one 

consisting  of  82;f  'and  181  xr.’lyl  is  used,  to  fill  mines  and  hand  grenades. 

•  •  *  *  .  •  '  •. 

T'e  mixture  of.f!8A  KIl/j^UO^ 'and  12^  xylyl  is.' used  for  underground  work. 

X;,  lyl  oil,  which  is  a  by-product  of  xa  lyl  production,  is  used  as  a  plasticizer 
in  tr,e  manufacture  of  powder,  and  as  a  component  of  dynamite. 

Section  2.  Trinitroxylrte  Production  Technolog.v. 

Xylene  undergoes  nitration  more  readily  than  toluene,  thanks  to  the  fact  XX  that 
it  contains  two  metal  groups,  but  it  also  oxidizes  and  undergoes  resinification  more 


XliMlIlU 
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IJf?  readily.  The  intensity  of  the  oxidizing  processes  also  increases  as  a  consequence  of 
the  presence  of  ethyl  benzene  in  technical  xylene  (the  ethyl  benzene  is  oxidized 

more  readily  than  the  xviene).  Xylene  may  be  nitrated  to  trinitrox:,-iene  -n  one,  two, 
and  three  stages. 

The  methoil  of  nitration  of  xylene  in  a  single  stage,  developed  b,  A.A.Solonina, 
was  nnt  into  el’fecf  during  .Vorl  !  War  I  at  three  plants  in  Russia.  Under  tr.is  methO'd, 

-v  lene  was  nitrated  !y  gradualJy  running  it  into  t^e  mixed  acid  (7otl  ,  18^'  UKOq, 

•  •  • 

and  3-  h'^ty  at  3t<^.  T‘e  excess  nitric  aai  i  was 'At  '  of  t’-e  t-eoreticai.  HjiULii  iV'On 


iig.t6  -  Diagram  of  X  -lyl  Production 

l.A.lo,  and  It  -  Rising  devices;  2,14  -  Vacuum  funnels;  3  and  (  -  Settl ihg  columns; 

-  ,",11,12,]'’,  and  2C  -  Measuring  vats;  8  and  13  -  Nitrators;  _  Separator; 

1-  -  Wasting  vat;  18  -  T^-aps;  19  -  Centrifuge 
ar)  Comnrossed  air 

« 

completion  of  run-in,  it  was  held  at  105^^  for  an  hour.  The  xt’lyl  was  then  separated 
from  the  spent  acid  on  a  vacuum  funnel,  and  sent  to  the  wasliing  vat,  where  it  was 
wasled  free  of  acid.  The  washed  Xivlyl  was  centrifuged  and  sent  to  drying.  Ti-.e 
resultant  product  had  a  freezing  point  of  163  -  165°  (Bibl.138), 

A  shortcoming  of  the  single-stage  method  is  the  large  yield  of  acids  and  the  low 
quality  of  the  xylene.  A  certain  advantage  is  the  minimum  need  for  equipment  and  the 
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simplicity  of  the  technological  process. 


Another  economical  method  Is  the  two-stage  procedure, - ir  accordance  with  which, 
the  j^.'lene  was  first  nitrate'l  to  mononitrox>'iene,  whereuf)on  tne  mononitrccp.  icne  was 
nitrated  to  trinitroxyiene.  The  two-stage  method  was  introduced  into  iniusf.rial 

practice  in  a  somewhat  modified  variant. 

Jpeci  ficaii.'-,  the  first  stage  consists  of  nitration  of  xj-ier.e  to  a;!r;itrcx:/lene, 
whereas  in  the  second tr i nitrox;,'': ene  is  produced.  Under  this  nitration 

procedure,  aiJ  the  spent  acid  is  empiJoyed  for  the  first  stage,  acid  circulation  is 
closed,  and  ti-is  reiuces  the  acid  consumed  in  nitration. 

The  three-stage  method  ii/i  vields  even  greater  economy  of  acic  than  does  the  two-stage, 
■  ut  tne  tec  r.oiogicai  process  Is  hTtrer  complicated  under  tris  metiod  (iiij.luC'J. 
e  I'TOluctlon  of  x-’Iyi  ■  ■■  tie  two-stage  method  is  i  J  J  ustrated  in  h'ig.f-, 

Tl'e  mixed  acid  is  roured  from  the  aeasuring  tank  (•)  into  tie  nitrator  and 

xy-iene  is  Kii  th.en  gradually  aide<l  from  the  measuring  tank  (h'.  When  nitration  is 
comnieted,  t'r:e  nitro  mass  is  forced  into  a  separator  ("),  ly  compressed  air,  ana 
separation  of  the  fused  d in itroxt'lene  from  the  spent  acid  is  performed  there.  After 
separation,  the  fused  aiitlXXijUitit  iiniti-vx:  .'lene  is  emitted  into  the  measuring  tank  (11), 
and  the  spent  acid  in*-,©  the  rising  device  (IC),  from  which  it  is  transmit.ted ,by 
compressed  air,  to  the  settling  column  (5).  After  settling,  the  spent  acid  is  delivered 
ry  rising  device  (A)  to  denitration. 

The  second  stage  of  nitration  is  run  as  follows.  Spent  acid  is  run  into 
nitrator  (13)  from  measuring  tank  (20),  and  mixed  acid  is  run  in  from  measuring  tank  (12), 
whereupon  nitration  is  performed  by  slowly  running  molten  dinltroxydene  into  the 
apparatus.  Upon  completion  of  the  process,  the  r.itro  mass  is  transferred  to  the 
vacuum  funnel  (14),  with  the  agitator  operating.  Compressed  air  is  used  to  Effect  the 
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159  transfer.  The  spent  acifi  is  collected  in  risiiif'  device  i.15),  which,  as  required, 

functions  either  as  a  vacuum  collector  or  as  a  rislnp  device. 

'•’rom  risinj?  device  (15),  the  spent  acid  is  forced  partially  to  measuring 

tank  (20),  the  rest  poinp  to  the  settling  columr!  (3).  After  settling,  tr;e  acid  is 

filtered  tiirouph  funnel  (2),  and  sent  on  to  rlsinp  device  (i),  wiiic.t,  like  receiver  (15), 

functions  either  as  a  vacuum  receiver,  or  as  a  risinp  device,  dependir.y  upon  necessity. 

The  seccndar"  spent  acid  is  trar.smi  f^ed  compressed  air  from  risinp  device  f'^),  to 

‘he  acid  mixir.r  shop  ‘o  maKe  up  t!  e  first-stage  mixed  acid. 

The  xf.'lv’,  separate'!  from  the  aci'is,  is  ItififtTK  transferred  to  tne  WUiKXlOdiili 

washing  vat  i,  i  ).  ..as^’ir.g  is  nerfomed  first  wit;,  colc,  and  t;.en  witr:  .'ot,  water,  from 

raeasurinp  tanr  APctsj  each  was;  ing,  t^e  wash  water  is  al  low&i  to  stand,  ana  then 

to 

It  is  poured  into  a  s.stem  of  traps  -from  whicr  it  goes  the  sewwage 

spstem,  i'prip,  ,;omnietion  of  t;;e  washing,  the  x;.’].:-!,  along  with  the  final  wasr.  '.vater  is 

Irainei,  wit;  agirator  functioning,  into  centrifuge  (It),  where  the  water  is  separated 

out,  and  ti'.e  pro'luct  is  t.'-en  again  treateci  for  a  Irief  period  witr.  i’ot  water  and  steam 

to  eliminate  t.'.e  ''uik  of  X7'iyl  oil.  Ihe  xrl.'l  oil  goes  to  a  trap  along  with  tie  wasl 

water,  a.ni  accumulates  on  ’■ye  i  otto«  of  tne  trap.  The  x;”!,}'!,  wasted  free  of  acids, 
centrifuged 

ani  aifSlUttKi  free  of  water,  is  emptied  from  the  centrifuge  into  wooden  foxes  and  is  t'ner. 
taken,  on  -z  car,  for  final  purification  from  oil, 

T:,e  apparatus  emploved  is  standard.  The  cast  iron  nitrators  have  jackets,  coils, 
and  a  propeller  stirrer  making  I60  rpm.  A  separator  is  mounted  on  the  agitator  shaft 
at  the  level  of  the  surface  of  the  liquid.  The  separating  funnel  i.a  vertical, 

has  a  conical  bottom,  and  a  side  tap  for  removal  of  the  nitro  product.  It  is  made  of 
iron  or  cast  iron.  The  metering  tank  for  the  dinitroxylene  is  iron,  and  provided  with 
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15Q 


a  coil 


a  porous 

The  vacuum-funnel  casing  is  iron,  and  the  filtering  surface  is  ceramic 

plate,  ijide  hatches  are  provided  in  the  vacuum- funnel  to  discharge  the  product.  Tie 
decanters  for  water  washing  of  the  product  are  wooden,  conical  vats,  having  a  wooderu 
frame  stirrer,  and  two  drainage  aperturest  one  for  water  (at  the  side  walJj  and  one 
for  products  (at  the  hottom).  Tiie  capacity  of  the  vat  is  5  m3. 

In  the  first  stage  of  nitration,  a  mixed  acid  of  nitric  acid  and  secondary  spent 
acid  is  emplo'-ed.  its  composition  is:  '  i- -  IfiX  ^+1  nitro 

product  and  j2  -  13r‘  H2C.  The  amount  of  mixture  for  nitration  is  taken  to  provide  a 
J  yX  excess  of  ritidc  acid. 

T' a  X'iene  is  aldel  to  tne  mixofi  acid  wi.ti,  a  graduaj.  rise  in  temperature  to  50° 
over  a  two-i  our  period,  wi  ereupor  ti  e  nitro  mass  is  held  for  half  an  hour  at  80°. 

Upon  completion  of  tine  rfotess,  KJUtiDiiOiiSjj  the  nitro  product  siiould  have  a  specific 
gravity  of  .3,  and  its  freezing  point  should  he  ii’.  tre  range  :  etween  18  and  33°. 

Ti  e  ;  iel'i  is  -  '.*81  of  the  tiieoreti  cai , 

Tr.e  acid  mixture  for  tie  second  stage  has  the  following  composition:  8.X  H2S0i^ 
and  li'i.o'  HHO3.  The  quantity  of' mixture  U  employed  is  calculated  to  yield  a  50%'  excess 
of  HilO''.  In  order  to  increase  the  module,  i^UilXiUlX  spent  acid  is  added  in  the  amount 
of  1  part  by  weight  to  1  part  ry  weight  of  dinitroxylene.  The  run-in  of  dinitroxy'lene 
into  the  mixed  acid  is  performed  jttiJfcX  with  gradual  elevation  of  the  temperature  from 
llO  "^0  to  80°,  over  a  two-hour  period.  Then  the  nitro  mfiss  is  held  at  120°  for  an  hour, 
whereupon  it  is  cooled  to  25  -  30°  at  the  conclusion  of  the  process .  If  the  mass  is 
sent  to  the  vacuum  filter  in  the -uncooled  state,  dissolved  oil,  whicii  will  rapidly 

■ 

MMM  the  pores  of  the  filter jWi.ll  separate  out  of  the  spent  acid  as  it  cools  in  the 


pores  of  the  ceramic  plate. 


The  quality  of  Jp'lyl  ie  largely  dependent  on  the  manner  in  which  tne  process  of 
nitration  is  performed.  If  the  -'onditions  of  nitration  are  violated,  the  resultant 
xvlyl  is  in  the  form  of  very  fine  crystals.  'This  complicates  further  processing, 

particularly  filtering,  as  the  pores  of  the  filter  rapidly  clog.  Nitration  ry  strong 

•  ^ 

acid  mixtures  at  iC  -  and  holding  atliCiO,  facilitate  the;  formation  of  larger 

.  ♦ 

cr-’stals.  It  should  'e  noted  th.at  an  increase  ''n  temperature  before  toldinr  must  be 

)  .  ■' 

ions  ver;,  carefi;!!;.  ,  inasmucr,  as  a  rise  an  temperature  is  accompanied  yv  a  si'arp 

innre'ase  in  t'-.e  oxidation  of  the  nitro  derivatives  cf  thie  ortho-  and  para-x:,'lenes, 

as  well  as  et*yl  I'Cnzene.  Tr.is  is  accompanied  y  arundarv.  serarat  on  o!'  ni'rogen 

oxiaes.  The  separation  of  t  ne  ?as  resbts  in  foaming  of  t^e  nitrator  contents.  T' i  s 
overfi 1  ling 

ma-'  res’b't  in  iMiilfX  1X11114)1  of  the  arraratus  with  foam.  This  is  com' ated  ry  414 
energetic  stirring  arid  cooling.  As  a  consequence  of  oxidation  o'"  ‘'e  impurities, 
tie  quality  of  t'e  xl'lyi  is  somewf.at.  'mr.aired. 

As  a  result  of  ni'ration,  x;  J  is  o'tained  with  a  freezing  point  of  al  out  155  - 
Tn^s  is  unsui'.ed  to  military  needs  ant  IfJHt  requires  purification.  Xylyl  of  tiris.kind 

is  a  seiry-solid,  containing  about  28  -  30%  of  liquid  nitro  derivative  (nitro  derivative 

♦ 

cf  ortr.n-x;,']ene,  ethyl  benzene,  and  the  products  of  the  lower  stages  of  nitration  of 

•  * 

para-  and  n.eta-x^/ i enes } .  The  oily  impurities  in  the  xylene  reduce  its  susceptibility 
to  detonation.  Moreover,  as  has  heen  pointed  out  by  A.G.Gorst  (Pibl,138),  during  World 
War  I,  an  oily  liquid  was  observed  to  leak  out  of  shells  filled  with  an  alloy  IX  c 
TNT  and  xylyl.lUillliijpCJQOtXiXJflUlXIIX  This  impaired  the  physical  structure  of  the  shell. 

In  France,  purification  of  the  xj^lyl  of  oil  was  performed  by  washing  it  in  five 
times  its  quantity  of  cold  alcohol.  As  a  consequence  of  the  lower  solubility  of  )(IKX1U4 

jtX 
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1(  C  meta-x:  lene  trir.itro  derivatives  in  alcohol,  the  meta-x^/lene  was  obtained  in  virtually 
pure  form,  with  a  yield  of  about  75%.  Because  of  the  large  amount  of  alcohol  expended 
(with  considerahJe  losses  upon  washing  anl  recover..'),  this  method  is  unprofitable. 

The  spent  acid  from  stage  one,  and  a  mixture  of  gasoline  and  benzene  were  tried 
as  solvents,  for  the  oil,  .in  the  washing  of  x^'.'lyl.  Utilization  of  this  t.;  re  of  acid 
renders  denitration  mora  difficult,  aiii  results  in  losses  of  liouid  nitro  deri 'vatives . 
Utilization  of  a  mixture  of  gasoline  and  benzene  is  not  ver”  nrofitai  ie.  The  lUili  cost 
of  purification  rises  an  a  consequence  of  ti.e  loss  of  solvents  upon  washing  and  recover,','. 
Use  o’'  tfese  solvents  is  inconvenient  lue  to  toxioii--  ani  the  danger  of  fire, 

.Tie  most  ’■'ract'cai  met’fod  of  removinr  oil  from  xyl.-.  ]  is  f.hat  of  wasi  ing  it 

wit'-,  '  ot  wate-  cr  the  centrifuge,  w -sre  .a  ccnsiderai  le  c-uantit  of  oil,"  impuri’’ les  is 
removed.  ITh.e  x;.  i,"J  goinr  to  was.’d'ig  conta’.ns  2B  -  32*  oii,  and  J5  -  18,1  after  wash.ing, 
and  i.as  a  freezing  rcint  of  1&5X%1S  i  t  -  Tr.e  removal  of  oil  from  x;,-',’-i  washed 

on  t.’e  centri  f’lge  is  i  llustr'iLei  in  tte  diagram  in  rig.t", 

.iylene  is  raeasurei  into  extractor  (l;  from  metering  tan'‘<  (2),  ani  ti.e  xr.lyl  is 
charged  in  i hani,  '.atch-wise,  throug:  the  hatch,  with  the  stirrer  in  operation. 

Upon  Ve  completion  of  extraction  (i  -  1.5  trs),  the  mixture  is  allowed  to  stand,  and 
;'e  x'lene,  saturated  with  x:.i.”i  oil,  is  forced  into  collector  {U)  of  oil',’  xylene,  h.v 
compressed  nitrogen.  After  removal  of  the  bulk  of  the  x^.-lene,  water  is  run  into  tiie 
i'l  extractor  from  tiie  metering  tank  (3),  and,  with  agitator  operating,  the  entire  mass  is 
emptied  into  the  centrifuge  (5),  where  the  xj.'lyi  is  separated  from  the  water,  and  the 
xylene  residues.  The  xy’lyl  is  was.hed  on  the  centrifuge  with  warm  water  to  full  removal 
of  the  mother  xylene  (the  wash  water  should  then  be  transparent). 

The  water  from  the  centrifuge,  containing  xylene,  flows  into  receiver  (6),  from 
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v/hic.K  it,  goes  to  Florentine  receiver  (7),  JffXX  in  whict;  tre  water  is  separated  from 


the  xj'lene.  The  water  passes  through  a  trap  into  the  sewerape  system,  and  the  xj'ler.e 

to  receiver  (f’),  from  which  it  is  transferred  to  tre  main  eoliector 

Xylene  can  re  complete]’-  separate!  from  Xi'.-jyl  on  a  centrifnpe,  hut  when  this  is 

,  0 

done,  losses  due  to  evaporation  are  mreat- 


rip.t"  -  h'iapram  of  Purification  of  fy;--' 

1  -  Extractor;  f  an  i  i  -  i'e’erinp  tanks;  U  -  ''eJieotor;  ‘  -  ier.tri  fuge; 
ana  P  -  ile'ei -.'ers;  "  -  Fi-orentine  receiver 

Tre  xy]..  :  free;  of  oij,  ani  -’.ow'  cor.taininp  only  -  3.5  '  oiJ,  is  removed  for 
drying  in  wooden  :  oxes  oi'i  cars.  Trio  proluot  ras  a  freerting  point  of 

]"3  -  lt’50. 

In  extraotior.,  C.'  -  C.'’5  parts  of  x;  ler.e  per  weight  are  employed  ner  rant  xyiyl 

: weight.  .^3  a  consequence,  the  mother  x:/lene  oi  tained  contains  I"’  -  251!  oily 

imnurities,  and  a  specific  gravity  of  O.96  -  0.98.  The  mother  x^.dene  is  sent  to 

nitration.  Thus,  employment  of  the  xylene  as  a  solvent  for  purification  of  xt’lyl  has 

the  advantage  that  the  mother  liquo*  does  not  require  regeneration, 

accumulates 

No  more  than  I*-'  -  1815  of  oil  XlilflfliiimiHffiK  in  the  xj'lyl  going  to  extraction,  . 
because  all  the  surplus  oil  is  drained  XXXX  jut  along  with  the  water,  when  the  Jggiyl 


is  wasted  on  oentrifupes 


The  x;''l,vl  is  dried  for  12  hrs  in  a  tunnel  dessicator  t'.v  air  t.eated  to  ^'0  -  T2o. 
ISefore  drying,  tt.e  3(;\’lvl  is  runted  through  a  No. 10  sieve. 

The  yield  of  pure  x:,'iyl  is  IkS  -  49;!'  of  the  tneoreticat . 

Xylene  from  petroleum  H  may  also  re  employed  to  produce  tri nitroxy 1 ene.  The 

with  the  single  difference  that  the 

tectinologlcai  process  is  the  sa.iie,  amount  of  nitric 

acid  useri  or  nitration,  as  well  as  trie  amount  of  nitro  mixture  is  computed  not  on  the 

rasis  of  ttie  entire  initial  product,  iut  only  on  trie  I'asis  cf  the  aromatic  portion 

trereof.  The  amorirt  of  excess  nitric  acid  provided  in  eaci  phase  is  the  sakne  as  hefore. 

In  tre  nitration  of  petroleum  x:lene,  certain  fire  danger  exists  hecause 

cf  t'e  presence  cf  yasoline,  part ic'il arjy  in  tre  secori'i  stage,  where  a  hiprer 

temperature  *s  maintained,  however,  thanKs  to  t'e  fact  that  tre  nilk  cf  t.-e  gasolines 

removed  wit.-’  ti.e  fumes  in  t.ue  first  stare,  the  fire  danger  in  t.he  second 

stage  is  not  as  great. 

X-l-l 

XliiaiUl  c-ta'ned  from  petroleum  xr/lene  contains  considerahl"  more  oil  than  that 

frorn  coai  xr-'^ene.  In  crier,  in  part,  to  get  rid  of  the  oil,  'the  spent  acid  from  the 

1' 2  second  process  is  diluted  with  KMX  spent  acii  from  the  first  process,  until  an  83^ 

sulfuric  acid  content  is  attained.  ;ls  this  occurs,  0.11  part  of  oil  separates  out 

per  part  of  init.ial  xylene  ry  weight.  The  dilute  spent  acid  is  permitted  to  settle 

free  of  the  oil,  whereupon  tr.e  acid  is  reonoved  by  separation,  and  KMX  is  then  sent 

in  its  entirety  to  make  up  the  first-stage  nitro  mixture. 

was 

When  petroleum  xj'lene  M  nitrated,  the  dinitroxylene  was  separated  from  the 
gasolines  ly  solution  of  the  dinitrox^'lene  in  98%  sulfuric  acid,  followed  by  separation. 
Further,  the  dinitrowlene,  dissolved  in  sulfuric  acid,  was  nitrated.  The  second-stage 
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spent  acid  was  diluted  with  first-stage  spent  acid  for  partial  separation  of  tne 
dissolved  x;>'lyl  oil,  before  being  sent  to  be  used  in  making  mixed  acid  (for  the 
first  stage). 

E,  Dinitronapht.  lene  and  (.>ther  IJltrc  Oerivatlves  of  WaphthaJene 

T:  e  nitro  derivatives  of  naphthalene,  and  particularly  dinitronapht*, alere 
(a  mixture  of  f  e  1,5  and  1,8  isomers) .  employed  in  filling  she. Is,  are  consi  derarjJy 
less  powerful  t*  an  td-.e  nitre  lerivatives  of  toluene,  iJeverthe  *  ess ,  ti  ere  is  adequate 
reason  for  pro  lucing  dinitronapr.tnalene  as  an  exfilosive,  as  t.'.is  makes  pnssihie  tie 
use  of  an  additional  source  of  raw  material  -  naphthalene. 

In  view  of  its  low  exrJ.osi'e  properties  (detonation  velccitv  115C  m/sec, 
expansion  in  Traiiz!  r  lock  it’O  cc,  cempressjon  of  lead  cylinder  4  mm)  and  its  low 
detonation  sens! '  i  vity,  i initronap.-.tr.aiene  is  not  emf-loyed  as  an  iniepenient  explosive 
It  is  wile!"  etrp)oy<*d  as  a  combustit  Je  comp'onent  in  etcpilcsives  useu  in  rtiilipar;,' 
engineering  ani  in  mining. 

Thus,  d  i  naphd'al  i  te,  containing  1.2'  dinitronaphthalene  and  88''  ammonium  nitrate, 

is 

iUii  employed  to  fill  certain  types  of  a.rtiller,’'  iOUtUi  shells  and  mines.  A  mixture 
consisting  of  20...  dinitronapbti'alene  and  80?  Tl'T  is  employed  to  fill  aviation  hoBbs. 
Granular  11  naphtha] ite  bo.J,  oon3i3t..ng  of  1.2?  dinitronaphthalene  and  86%  ammonium 
nitrate,  is  iHi  widely  employed  as  a  moisture-resistant  ..igh  explosive  in  undergrounef 
explosions,  and  no  danger  from  gas  or  iiUXIiXIiOffi  dust  is  involved.  Dlnap!-it halite 
i-evoalo  a  3b'0  cc  expansion  of  the  Trauzl  block  and  a  brisance  of  lU  -  1'*'  mm,  which 
permits  the  conclusion  that  it  is  a  good  ammonium  nitrate  explosive  for  resistant 
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l''>2  Section  1.  Chemistry  of  Production;  Properties  and  Applications  of  Nitro  Derivatives 
of  Maphthalene 

Nitronaphtnaienes  are  produced  in  the  nitration  of  naphthaiene,  nsuail”  as  a 
mixture  of  various  isomers,  the  riiinii>er  of  which  increases  with  increase  in  the  ierree 
of  nitration.  In  nractice,  the  possible  maximu)  decree  of  nitration  of  napi.thalene 

mixed  sulfuric  and  nitric  acid  corresponds  to  the  production  of  tetranitronariithalene 
Penta-  and  r.exa-nitronaphthalenes  are  produced  indireotl;', 

T:  e  initial  product  is  naphti'aiene,  wi'ich  is  container  in  relativeiv  large 
quant  it,"- in  coal  tar  1 10  -  liX;".  ‘  id.ig  is  part  icujarl;-  the  case  in  medium  and  rieav".’ 
oils,  as  weil-as  in  certain  grades  of  petrcle’im,  from  which  it  is  extracted  ry 
fractiona,  1  i sti  1  lat ion.  Ti.e  separated  naphthalene  is  su:  'ected  to  purification  iy 
caustic  and  sulfuric  acii,  wi;:,  sui  sequent  vapcr  iistiliation  or  voJ  atilizat  ion, 

*  .’'’ap' tha’ene  is  •'eadii,"  -'olatilized  and  suijimaied.  It  is  volatile  with  steam, 

.'.'arithaiene  cr-stai  J  izes  as  gleaminr  write  nlate’ets  melting  at  P0°  and  roiiinr  at 
Its  specific  rravit,"  at  is  ■,.i51'’,and  at  Po'^'  -  The  latent  :  eat  of  fusion 

ia  Jit.  3b  krai/!:,.. 

J'  3  ,'iapi’t' alene  is  weakly  soitv  je  in  water  (0.0103  gm  dissolves  in  lOO  ran  of  water  at 

25°),  and  is  readily  soluble  in  hot  alcohol,  ether,  ienzene,  and  acetone.  It  is 
readily  distiliahle  in  a  straam  of  steam. 

The  solu'-illty  of  naphti, alene  at  16.5°  in  100  pn  toluene  is  31.9''4.  gm,  and  at  15° 
in  100  gm  absolute  alcohol  it  is  5.2?  gm. 

CrT^ 

When  naphthalene  is  oxidized  with  weak  nitric  acid,  potassium  bichromate,,  potassiw.'t 

jUuyuuQp: 

'■■The  .yield  of  coal  tar  in  the  coking  of  Donets  coals  is  2-3^  of  the  amount  of  coal 
crarged.  This  tar  contains  up  to  12.W  napthalene  (5ibl.l/+2). 
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3  permanganate,  phthalic  acid  is  formed:  C,  H;^(C00H)2.  ^iti  picric  acid  it  forms  the 
following  moiacular  compound: 

Cioiia  I  i:,,H,  (Ni'2)j(>n  -  roH,(\Oj).,oii, 

in  tie  form  of  golden  yellow  crystals  having  a  melting  point  of  and  soluMe  in 

alcohol,  eti'er,  and  i.enzene.  Uncn  toiling  with  water,  this  comrotmd  decomposes.  This 
reaction  is  employed  for  quantitative  determination  of  narrthaiene. 

t'apr  thalene  yields  similar  compounds  witt  many  other  lerivatives  of  the 
aromatic  iiydrocarhons,  and,  with,  each  of  the  isomers  of  tre  ii-  and  iJillUlISMi  trinitro  - 
derivatives,  forms  a  characteristic  compound,  iifferent  '’rom  tne  otiers.  When 
reacted  witt  !ead  tetraacetate  in  acetic  aci-l  solution,  t.te  nan  tf.aiene  is  transformei 
Into  an  acet.i  ier'vati  ve  ii  it;.!/,!). 

•Vhen  iydrogen  atoms  are  repiacei  i  identical  radicals,  napi  ti.a'ene  is  capaMe 
o;'  ieldinr:  two  monos u;  stituted  products  ^  or  :J,  ten  d  i-substituted,  fourteen 
tri-sui  stl‘’;-ted,  and,  '’urt:  er,  twenty-two  tetra-,  fourteen  penta-  ,  ten  hexa-,  two 
nepta-,  and  one  octa-isomer.'c  lerivative. 

Tl-anks  to  f'e  specific  structure  of  napt-.aiene,  it  has  a  numier  of  d-.stinctive 
features,  the  most  significant  iUtitXJUUtXii  of  wr.icr.  are  the  following  ( l-iio/l. lif/t) : 

a)  the  reactivity  of  naphtnalene  is  greater  than  that  of  benzene.  It  oxidizes, 
reuPiCes,  and  undergoes  suistitution  more  readily,  particularly  in  ti.e  o-position; 

:  )  tr.e  formation  of  mcJecular  compounds  goes  more  easily  with  naphthalene  than 
with  ienzene.  This  may  relate  to  the  fact  that  naphthalene  is  less  saturated  than 
benzene; 

c)  hA'drogenation  of  naphthalene  goes  more  easily  than  that  of  benzene; 

d)  the  properties  of  the  mono-derivatives  of  naphthalene  differ  noticeably  from 
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163  the  mono-derivatives  of  nenzene.  Moreover,  the  suhatituting  group  reveals  a  specific 
influence  upon  the  ring  in  which  it  is  found,  and  upon  th.e  ad.iacent  one; 

e)  the  sul.stitution  reaction  in  the  naphthalene  ring,  even  in  the  production  of 
mono  substitutes,  is  very  complex;  thus,  the  '^-position  is  consideral  ly  more  reactive 
than  the  (<-posltion.  However,  at  high  temperatures,  when  thermod:/namic  equilihrium 
is  achieved  more  rapidly,  one  will  get,  to  site  JWiXi  an  example,  the  r'  naphthalene 
sulfonic  aciJ,  and  not  tie  Ji 

data  on  the  heat  of  comtusticn  and  the  formation  of  napr  t’ alene  and  its  nitro 
aerivativos  are  presented  in  KKii  a  work  t;  :  odosciie  (i  i:  ^ .  lit / ,  ana  ir;  Appendix  IB. 

Tr  e  following  sf'eci  fications  must,  re  met  ■  y  napnt'ia,  ene:  temperature  cf 
crystallizat’on  and  t.0C3  -  v.tC'.  '  asr.  ronient,.  The  legrce  of  puri  i'loation 

.ilso  Jeterminei  ti.e  colrra'.ion  induced,  ‘-y  suir'!.’':c  .'ici-a. 

i'or  miiitar;'  lurposes,  na'-r-t.'-alene  's  emji’o;-ed  net  oni,'  to  produce  nitro  derivatives 
tierefrom,  u*  lirecti;  as  a  con;  ust .-e  or  a  smoke- form:  nr  component  in  various 
mixtures . 

flarr.thalene  is  widely  employed  in  tr  e  production  of  phtr.aJdc  JUiur.  anhydride, 
i  e  synttesis,  tie  malting  of  plastics,  etc. 

I.iquid  products  of  napithalene  hydrogenation  -  tetrai.in  and  iekalin  yield  nitre 
derivatives,  and  may  consequently  he  used  as  raw  materials  for  the  production  thereof. 
They  are  also  techmical  solvents  and  are,  in  addition  to  this,  employed  as  fuels  for 
engines . 

The  production  of  naphthalene  nas  iX  reached  large  figures  in  all  countries.  In 
the  USA  (nihl.l4.i),  the  discovery  of  a  method  of  catalytic  oxidation  of  raw  XXjUUi 
naphthalene  by  air  in  phthalic  anhydride  has  considerably  increased  the  demand  for 
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naphtlialene.  I’hthalic  anhydride  hag  come  into  Jarge-gcale  uae  for  the  production  of 


g.'.Tithetio  regina,  dibiityl  phthalate,  anthraquinone,  benzoic  'HA  acin,  etc.  Its 
production  SMKXIMXM  attained  2(i,000  tong  in  i9/i.O.  In  England  ( !  i '  ,  a 

production  of  naphthalene  from  coal  reacned  80,000  tons  in  J94-3.  In  rremany,  more 
than  40,000  tong  of  napdithalene  was  produced  per  year  in  tl-ie  prewar  years. 

Kononitronaphtha)  ine  is  formed  upon  nitration  of  naphtrialene  wit"  nit  ric  acid  c 
mixed  sulfuric -and  nitric  acids: 

C;oH„  -h  I INO3  C,„l  1,\0;  +  I  IjO. 

Tie  nitration  nroduct  is  am  i-isomer 


1 


containing  traces  of  p -isomer 


I  !  ^  'iNOi 

arfi  tiiG  oxiiaticn  products:  nitrot.snzoi.c  G/jH;^(L'C2)CCX)H  and  nitrophthaj.lc  X 
r,  i' ll)p  aci  ls,  ••i.T  v;oT]  as  nitron.aphtt  oio  C2qHc( f:02)20i!. 

i'nler  certain  conditions  cf  nitration  (liievatei  tsiroerature  and  stronp  mixed 
acid),  t:  e  ieid  of  side  prodiicts  Increases.  Thius  ,  in  technical  mononitrcnaphthalene, 
•  I'!'  h-:i  j  M’rnat'' a!';!!'--  an  I  ',o  j.(\,  i  ni  tro-J-napfithoJ  was  found  (ij  i.JV'). 

I&iiKMlaA 

i'cctnioa'  inononitrcnaprtr.aJene  has  a  freez '  nr  point  of  51  -  5'^° ^  The  freezing 
rolnt  of  P-mcncnvtrcnaphthalerie  is  '1°,  and  that  of  a-  mononitrcnaphthalene  is  7;®. 
a -hsnoni  t!‘cna;--'t.!aa]en-;;  cr"sta'' ll'/.es  in  tre  fr.rm.  of  preen  and  pellov;  crpstals. 

t  ^  ....  -•  ....  L,  d^.yjU:x« 


Um)'  i.'ti'.’ciie,  i-i;  |(W(rf,>ri,  an  1  loet’c  anil.  As  I'stinct  I'ror:!  the  H/I  I'-  ant 

■:‘;n:isronap' t;  a'enes,  mcncnitronarhthaiene.  dissolves  read']”  in  r-av-Kr.'  Isaifii:  ■ 

* 

« 

','■.0  sc]  :-  'lit;-  o'”  rr.ononitronaphthai'ene  in  sulfuric  and  nitric  acids  is  presented 


t  .i.chromale 

snon  i  •.rcnar'!;*,!  aji;ne  is  readilp  oxidized  Ip  an  acetic  aci  1  solution  XX>C){JtXRI0,5tR 


:i:  n '  ffri:' '  r -I  n.  n-- '  j ,  .lod':  .ai !  ui  i  He  solutions  do  not  act  uiior.  mononitronapiitia  :  ana  in 


a:  c  cr  i  .'^  an!  os  cxiiat’on  v/ltli  formation  of  th'e  ox;’  derivatives  of  napht'r  alone  occurs 
onh  u' ori  i. eat’ nr  v/ith  strong  solutions. 

sSlji.i  sci'em  r  isuifate  is  reacted  v/ith.  “-mononitrcnapiithalene,  the  res'jlt 
is  j-am.ino-nan;' t' aiene-t-sulfcn'c  .ac:i. 

dtuiies  :  ;  .l-.dhcrpgin  anl  A.i/.Tor-  pov  (’il  l.lVl)  '  ava  .d  own  t.'  at 

"  BOS' WateWe  copy 


T-J  le  51 


a) 

b) 

d)  1 

i 

1  e)  i 

i 

fl  ■ 

dj 

j 

e) 

so 

•JJ.O 

C.3S 

50 

39 

0,14 

50 

GI.5 

0.75 

TiO 

sa,r» 

0.22 

50 

84.0 

1.12 

so 

70.5 

0.29 

GO 

21.5 

0.30 

CO 

37,5 

0,13 

GO 

35,0 

0.72 

on 

,'■.5,5 

0.20 

70 

14.0 

0.28 

CO 

60,5 

0.27 

70 

23,0 

0.42 

70 

21,0 

O.OG 

70 

32.0 

0.56 

70 

32.0 

0.12 

80 

24,0 

o.ftl 

70 

40, 0 

0.19 

— 

— 

70 

53.5 

0,25 

— 

- 

70 

58.5  . 

0,31 

a)  Jrji).  i  j’j  ir:  riitric  acJi;  )  Soiar  i  ]  in,  in  t>u]  fiiric  acid; 

■  itr;-  acii  jnrenrti.,  :  /  'rcn''crat’jro,„  ,®C;  e)  Soiiiiillt;  ;  f)  Suj.furic 
acid  strenct.f  ,  '  ' 


•.  core*. :  c'i' ; ,  «  •  f?:'^r;cn.' vronar.l.’' ".aleric  ic  forrr.ea  .•'ieid  inr  90  -  9B,'  of  the  theoretical. 

Wi.en  r.re  ey.ee. h/i'i.  rreat  (as  as  fouri'old),  an.i  tennerature  is  rai.seti  to  'rc, 

1.  ’  an.i' rc.aar'htr'aj or.o  .i:;  fortr.oi,  aionp  v.'ith  tho  a-rccr.onitronaphthalene.  It  siioulr!  he 

r.ctoi  ',r:iZ  n.'.trat.'.cn  vnicr  tine.so  co.niitions  makes  use  onJ"  cf  5C':'  of  tl.e  oxides,  so 
’u  , tci  ii;  t i:t‘'le  value,  rractical  ly  speai' Inp.  'fhese  authors  found  that 
r:'*;''tt'on  c’  nar:  a  lone  nitrone  rases  rosulte  i  in  tipr,  ;  ipHc  of  mcnenitronaohti:  I'.ene, 
even  .at  'c./  tcm:'i.!r.at':re.  On  the  iasio  thereof,  the- rronosed  that  naphthalene  he  ernplo;-ed 
‘:c  a- scr-  the  ''t.ail.i.nrs'*  of  .rases  of  nitration  installations,  vrith  ti.e  purpose  c'-.'  usinr 


iiarJ  i.3r  studi  es  on  the  nitration  of  naphthalene  p'-  nitrous  arf"  drl'le  and  tl.e 


-.1  sulfuric  acid  (I'ihl.lSC,  151,  152)  were  of  no  practica.l  si rniri.cance. 
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A.V.i;tepnnov  (rih7.153),  the  nitration  of  naphthalene sodium  nitrate 

anJ  other  nitrate  salts,  noted  the  considerable  reduction  in  the  intencit;;  of  oxidisinp 
nrocesses,  and  tt:e  improvement  in  the  quality  of  the  products.  However,  ti:e  diffi.culties 
in  tl  e  recover;  ol‘  the  spent  acids,  res’-iltiny  from  contaminaticn  thereof  by  suliatc 
salts,  renders  t-e  c!nplo;;Tnent  of  t^is  method  for  practical,  roles  to  he  out  of  tiie 
question. 

Nitration  of  naphthalene  has  Iveen  performed  with  weak  nitric  acid,  accompanied 

by  tie  transmission  of  electric  current  (Eibi.l5^).  This  resulted  in  an  increase  in  the 
.••iei'i  of  monenitro  nroduct  (''i-.-V'  instead  of  23. tb-). 

u  niLSiber  of  f-irtacr  studies  on  tiie  nitration  of  naphthalene  (FiM-iSS,  15h)  are 
!Ticvm'. .  At  rresent,  t.'-o;-  are  of  purely  historical  interest  in  scientifi.c  terms,  ./e 
note  rere.l"  t.be  research  due  to  CdJo  (Vii  l.157),  to  nrivive'  at  a  more  precise  i:nov;ledce 
of  ti'.e  meci.anism  of  nitration  of  naphthalene  and  m.ononitronapbthalene.  He  performed 

ni.tratio.n  i"  first  treatinr  the  narlthalene  witi  nitric  acid  of  1.40  specific  T^ravit'-, 
.i.-efeuron  stricnp  5u''furic  acid  was  added  thereto  at  40®.  The  author  came  to  the 
ccnclusion  that  ti.e  o.i  ly  products  he  obtained  by  nitration  are  complexes  of  nitric  acid 
and  nanbtr.alono- 

•Vorhs  due  to  A. 1. Titov  (..  ii  1.158)  demonstrated  the  erroneousness  of  QH  Oddo’s 

contortion.  The  complex  he  produced  proved  to  he  a  solution  of  nitric  acid  and  iLT 

allegedly 

mononitronaputhalone.  The  conclusion  that  iiiiX  1, 5-di  ni  tronaphthalcne 
’  redominated  v/as  also  found  to  be  iintrue. 

Tatar  ('iM.lfd)  studied  the  effect  of  the  ma'-e-up  of  the  mixed  acid,  the  meti:od 
of  introducing  the  reactants,  and  the  tiuration  of  the  process,  upon  the  degree  of  nitration 


o:'  napi  tlalene 
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T.(i.AJo;-3ar.-lrov  and  A. /.Jhtani  (i  durnonatfated  tnat.  na’.htr  aj.ene  v/ot!](i 

not,  react  imedlatelv  ’vfitr.  a  mlxeii  acid  not  containing  nitrogen  oxides.  A  certain 

ci-'ie  of  induction  ic  required,  at  the  conclusion  of  vrhich  vigorous  reaction  sets  in, 

a ,1. Titov,  v/ho  observed  the  sacse  pheno!r.encn  in  the  nitration  of  nayd'.thalene  by 

v/eai:  nitric  acid  ( i  iijl.J5fs),  bolds  taat  weak  nitric  acid  nitrates  only  through  the 

cieilvct  o'"  riitrogen  oxides,  and  a  neried  of  iri'fuction  is  required  to  form  t!;ese. 

Jri  tie  t-rosence  of  nitrogen  oxilos,  tie  reaction  begins  at  once. 

Tf  e  nitration  of  nani.ti'.alone  i;'  r'tric  acid  containing  mercury  nitrate,  leads  to 

I  p;'  r. '  tro!. '.''I  t.boio  (:i.'J.J;J). 

i'oncnitrcr.ar  ■  ti'.aieno  is  •"‘r-  _:,m.ltod  usefulness  '■  r  Itself. 

in  i’-'b!,  '  was  orulo.-  ei  ir;  dennan;  in  sraoboless  lcv/-heat  i-ovriers  (as  '  of  the 
replacing  t!:o 

•w  olc,,*JUjSvjr::e;:pxa2i;iK  derivatives  of ''car- amide  and  urethane  seriss.  which  vrero  :ir. 

3 ■  ort  s'T-  J  } , 

tinitrcn.i--  t' along,  'i’ccinicai  iJni  tronapi.t'.alene  is  usuail*  obtained  '  nitration 
o''  riutoni trona-  t  aienu  mixtures  o:'  sU'furic  and  nitric  acids,  or  !;;■  nitric  acid. 

I'hie  nilr-atjoii  i-ro-itct  l.•clU!3■.s  ci  Sef';'  of  ti'e  l,f-  or  a-isomer,  and  tie  I, ft-  or 
g  isomer,  v/i’  ’  smaij  a.'mixture  of  the  1,3-  or  y -isomer 


’i'i  •’  a-  an  i  fj- ■  nr-i.-r:;  rorTCsent  tO  and  ■  C resnoctivcJ, . 

The  teur  nical  product  also  usuall.v  contvains  tri'Nitronaph.ti  alene,  mcnonitronapi-.thalene 
and  ni  tronapJ'thols .  I'or  example,  upon  nitration  of  mononitronaphttalone  with  a  mixture 


c:'  '.r'l  .'’nric  anl  Xn  nitric  acids,  a  uroduct  of  the  folxov/lng  percentage  compositions 


Copy 
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results  ( ;  -i  l1  .  It2) 


j  ,f!- lin.itronapi',tf:alenc .  5t.'' 

j,5-  and  1,3-dinitrociapf.thalones  .  .  .  .  . .  32.''^ 

a-rii;,rcnaMtthaj.ene  . . 

1,  5-  anJ  1,  3,  b-tr:initronaphthaionos .  '';-.23 

Mtronarihti'o'lr:  (c;;' ''fl;'  . .  1.2 


rrosonta  ifiiK  certalr;  constants  of  the  isonor  Jinitronac.hthaleno. 


l'a!;lo  52 


i-  ■ 

j  '  ,5-ijini  tro-  riKtKXISsi 

is  J,R-Dinitro- 

1 ,3-dinitro- 

0- aracteri sties 

na-  -  ti  a'Jenc 

nap;;t!-:alene 

naphtiiaienc 

'iolt.inr  roirrs,  ^'C 

I  • 

217  .  ] 

173.5 

;;i  ane  of  sta.' s 

Tellc’j  neodies  of  a 

Yellow  rriomi  ic 

riptt  yellow 

i 

.'r.onoc]  i.nic  syster; 

[datelets 

noedi.cs 

f:.c  a'jctn.fca:  rroliict,  cc-'.;:; ‘■•ts  cf  hari  pramiles,  flahes  or  brier. t  ;.-e.l.!.ovj-  cr;  stale 
;  ro’-s^r"!  T.r  '.'•'on  *,'  -3  r.oae  r"  n.';r:i-:!;.T.  -ar.i  '.irking)  ani  asi'Ji  .-.as  a  liieltinp  point  c,f 


150  -  ]  0“^'.  • 

_  cf  o  wf  Isoiueia-  poj.  niLrcnapl.tr.aionen,  ca;:a'..la  of  leinp 
crr/ijo  -ji  for  t!  orr.Qj’ an'Opsi s ,  arc-  preoentoJ  in  a  vrorl:  Paa/al  (!  ih.5.i.'!3). 

■  i'a.  .'O  5  i  r.rcsento  t!.o  solubilities  of  a-  and  P-dinitronaphtiialenes  in  certain 
sc.Oontr:.  As  in  evident  frc;  tie  Table.  a-dinitronaDhti.alene  dissolves  poorl"' 

-Ir;  ia  e  'is'Uii  orpan i c  solvents,  but  letter  in  ppridine. 

Tali'e  t'l-  T-ro3cnts  lata  cn  t!.e  solubility  of  dinitronajihthalcna  in  nitric  ati  1 


s".  If  uric  ac.lis. 


Tic  specific  pravit-  of  tcclnicai  JlIiilXXBfiK  dinitroriapht’r.alene  at  20°  is  1.50, 


i  •praylnctric  .ionait,  O.y  fTn/cn^. 
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Tabic  ^3 


Solvent 

Temperature  of 

Solubilit;-,  / 

.^SSKiTHsii  i 

1,8-dinitro- 

naplithalene 

1,5— dinitro- 
naphthalene 

Liiclilorcetr.anc 

19 

2.08 

0.U5 

19 

0.02 

0.01 

Chloroform 

19  i 

1 

1.37 

2.01 

Acetone 

3-9  1 

0.59 

0.59 

acetone 

AtHKiBi  r,bijdn{'  ' 

..  2.3 

; ensene 

19 

2.01 

0.5 

en7.ene 

AtMStt  hoiJinf 

3.83 

AL!  i  alco'oi 

39 

G.C'' 

O.OA 

-icetic  aci'j 

At  1 oilinr 

2.01 

0.-^3 

Car  on'.liy'i' fi'io 

at  !!.oilinr 

- 

insoluble 

/i.  so},!  to  c'.ir  '  also':  o1 

22 

0.37 

t.i: 

'  iUGO '  i.r,  j 

1 

fO 

.•  C.O'-- 

1 

C.02 

■  ..'a  tor 

/it  bo  j  line 

i  '  C.07 

insojuble 

r.  .  1  •  i 

ri'iine 

'  J:  . 

1 

0.8 

!,  r.i  i.i';o  1 

1 

At  i  oilinr 

J 

9.1 

c-on  s.i.ov;  .■  eatinp  to  dlnitronap!k,halenc  SMS  docompos 

foam.  ■T'^nitior.  .i  '"eatod  wire  occurs  at  3'h5°. 

03  vrf.t!'.  formation  of 

Tn  stror.fT  rn'i  ■■•■’-lo  aci'i,  li jnicronaphti:^! one  becomes  dark  due  to  tiie  formation  of 


na;  ' thazarine  (5,f'-d:ioxI-a-nap!)tiiaquinonc).  Formation  of  this  product  ma;/  take  place 
via  tie  isonitroso  compound  of  nitronaphti.oquinone: 


o  o 

NOj  NO.,  II  IIOHN  II 

,  v/  %  -\  \ 

I  i,  i  '  j| 

•V  \.  'V  '  ■ 

NO.,  II  II 

NOH  O 


(  ) 

NH:  II 

i  !l 

r  \ 

OH  II 
O 


O 

I 

.  \ 

-OH  II 
O 


Tr  030  reactions  go  vor;/ 


s3cv/l;'  vri.t!;  oulfurie  acid,  but  considoraMp  more  rapidlp  in 
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Table  5h 


-  “)  . 

"no  "1 

r'  7"  ! 

b) 

1  "  ho'  ’  n 

no 

'e) 

IS  .5 

_ 

0,09 

0.82 

.. 

_ 

25.5 

0,07 

O.M 

l.Oi 

13,1 

0,05 

31.5 

— 

0,21 

1,87 

15,05 

— 

•12 

— 

0,35 

— 

— 

•IM 

O.H 

0,12 

— 

— 

U.‘JJ 

55 

0.23 

0.19 

— 

- 

61,5 

0.20 

0,59 

— 

— 

ti7.5 

I  0.41 

1 

— 

a)  Tem^erat’are,  °C;  b)  Soluhilit.y  of  dinit ronanhthalene  in  'I,  in  nitric 
.'ic'd  of  various  strenrt.’i,  c)  Percent  solutality  in  90''  11230;^ 


subjected 

ir  I,  e  rroaencc  of  i-.iiric  acM.  l-'or  exarnpje,  '.■f'.cn  trinitrcnaurdd'aiene  is  SlifSSKiSl 


■,o  y.Y^V.  reaction.  v/itP  mixed  acid  havirif^  a  hif^h  factor  of  nitrating-  activity,  the 
ccnscpucnco  i.;  a  product  i.avinr  tJmf  lov/ni-  nitrogen  content  than  t.te  initial  HilKIKl® 


lo'iction  O''  rtltric  acid  and  zinc  v/ith  1,5-dinibronapthalene  at  110®  results  in 
*<’■'0  ^onT*3t»^ * 7 # 

lit  .’>0®,  TUdk  dilute  nitric  acid  oxidizes  l,5-dinitronaphtr.a]ene  into  the  nitro 
;cr:vativ.?n  of  pi.ti.aiic  .and  benzoic  acids,  reaction  of  so-'liuiri  bisulfite  yields 
’ ,  t-d 'auinorar::  ti  a  'cne-sui'cnic  ac.-’d 


NH, 


NH,  SOjH 


Oodium  suJfitc  and  caustic  aP-alles  liave  KSK  no  noticeable  effect  upon 
] ,  t-di nitrona^ituai ene. 


i ,  f-!'i  ni  trotiap't!  .aiene  reacts 


vrit).  sodiuTi  sulfite 


Its  behavior  tov/ard  acids  and 
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‘  ases  is  t*  e..sarae.  as  tnat  of  ’  ,5-J:'Jii^ronap;.t’ aXene.  T,3-D3nitronapl.t!.aleno  reaots 
vrit:.  soJ.b’m  oaliito,  ‘  iit  less  3{Xi>iL’C<  strongly  than  does  1,^-dinitronapl  tlialone. 
,3-fjinitr.ona’i!- t’.alene  is  readily  soluhlo  in  a].3ohol.  Upon  -  eating,  it  volatilizes 


V  1-  •  .1  •  .  y  • 


2,  ’:.-0ir:itror  ap:  th’alene  r-iay  :  o  prepared  fron  2,’:.-iinitro-para-tolnenesnlt'on6~l- 
r;a -ht' a’ i-le  vnt;,OT\t  isolation  c;'  tie  intermediate  amine  (-' i',l.',''5-). 

J.  -jin’trona:  I  t;  a’sne  taa  •.een  o' talned  i'roM  para-suj  fonotol'jpne-2-nap'-th:'la!nina 


ii.ssoi  vi n'^  1^  (lO  ,;nr.)  In  iiot  concentrate:]  acetic  acid,  and  sn'-.sequent  ti'eatmenc  ci' 

,,  o  a-cocio  acl’i  (sv.ecillc  gravit--  1,L2)  at  53°  (;'].•  ].]/■') .  The  resultant  product  vra.s 
/-r 

s’l  .'ectei  zo  d ‘azot/iv-aticr.  in  sv.lfuric  acid.  Then,  ti'.e  diazo  compound  was  converted 
naphthal one 

to  oiie  I,  -  iir.itroiiai'iD'jlIMe  heating  in  alcohol  solution. 

-  -in’  j  ,'’-Jlnitronatl.t’:aI  ene  are  produced  i:p  nitrafLtg  p-rtononitronap..ti.aler.3 
;f,'  t  .  rtixe.;  aci .  ('  h  l.l 


nitrc.'ia:-.;  ti  aio'a-*  [iicntical. 
.in  t'.c  Toj  Ic'.fln,'’  vot  :  a-nn-'i.f- a.i.-.kd  -  Jc 


-anTiioOith.-  Q*“ti'C  a  -rr ;i4-0riiC  acj  i,  u 


o.'  t  'O  '  rMlluwo:!  :  oxidation,  ; 


to  .1,8-iLnitronaphthalene  (,'ibl.lt''8)]  'was  obtained 
’.ms  converted,  vrltli  r.alcnic  and  acetic  acid, to 
con’-'erted  to  nap  tlflaor, vile  acid.  Ilitratior. 
iclded,  ':-,5-  or  1,8-dlnitronaphthalene . 


..itrat'en  c a -r.ononitrona’ nti'.alene  r.p  a  MUQiXjiii  mixt’jre  of  nitrospl  sulfuric  an.] 
nltr'c  acids  (oo'ntion  of  a.nd  it.Oq,  speclfio  -ravitp  1.50)  at  20°  VKis  performed  in 
a  car:  ontotrac.'.ioridc  ncJirai  (’n  different  solvent),  as  a  consequence  of  v/hich  a 
nixture  of  .i  ,3-  .ajTl  .1 , 5-dlnitronap;  thalene  v/as  ohtained  (,ribl.]''9). 

hitrat  ion  of  napiiti  alene  :r.  fuming  nitric  acid  or  hp  mixed  acid  J  eads  to  the 
'’omaT-ion  of  .iinitrona.pht;-alene  (fli]’1.170) ,  consisting  of  a  mietture  of  t!;o  and  lil 
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■c 


I jO-isomers 


;)initronaphth."lono  ib  aii  explosive  compai-able  in  strength  zo  dinitrotolueno, 
lit  Gonevfhafvicater  than  the  latter  Its  detonation  point  Is  300-310°, 

i'ic  ietosia'tlon  velooit"  I15O  ti/sec  (at  a  densit;,'  of  l)  (r'ibl.l72),  ewansion  in  the 
Tra”?.',  ’  Inc’.:  is  100  cc,  I^ess  ’  risanoe  is  fai  riiT,  at  denoit;-  0.9,  vri.th  a  detonating 
sap  ’io.f-'. 

As  a  conseriiienoe  of  the  vjea‘:  esjr^losi’/e  properties  and  th.e  lov/  sensitivitv  to 
iotonat^.on,  d lnitrciian':  ti  aler.c  Is  not  craplcped  I.-'  itself  as  an  exfjlosive.  It  enters 
:o  e  of  explosives  cnploped  in  nilitar,”  engineering  and  In  mining. 

A  rn—'  er  ol  formuias  'ontaiiiing  iinitronap:  ttalens  have  been  developed  and 

adartei  :'oi’  7'' J llrr' of  niim  :‘,j.onc.  A  mixture  of  dlnitronaphthalcne  and  tl-5i 

■  "'.I'J  c  aai-i,  "la' led  the  "Russian  mixture",  v;ao  v/idol;  emp loped  during  .Jorld  A’ar  I  to 

nij  artillor,"  spoils  of  small,  .xnci  modiuia  caliber,  and  aerial  KffiiX  tombs.  In  Franco, 

a  fcrr.iui.a  consisting  of  2C  dinitror'.achtlial.enc  and  SC,!  picric  acid  '.tas  developed, and  it 

liliiltf'filuh  came  to  !  e  anov.n  as  ti.e  "French  mixture"  (melting  point  101°).  This  mixture 

vris  used  in  Franco  anl  a  number  of  other  eoisatries  to  fill  j.rtillerp  shells,  aerial' 

advantages 

c::.  D,  •''.r.d  ' -i.r!  .'^ronados .  ''"•'e  "UygjjPari  mixture"  had  some  for  a'illin;: 

uurooses  ecause  its  mc.tting  point  vras  32  -  37^^. 

■  diiiicronapthalene  began  to  be  used  for  military'  piucposes,  in  mixtures  vath  ammonium 
nitrate,  starring  in  1°C9.  XDUiriiS  Fixtures  consisting  of_3G,i  vrLth  12;j  diM 

d'nitronao;  tr'alenc,  and  30,  lUI/dJO^  vri.th  20,1  dinitronarl  thal.ene,  and  given  tiie  designation 
AlKIh  dinap!  t!;a.)itos  (schneidcrites)  are  employed  to  this  day. 

In.  1331,  i-avler  develoned  a  mixture  of  83,i  and  121  dinitronap’-fralene  for 

r.n  Icrgroun  J  explosive  vrork,  as  a  safer  ox])losive  titan  'ivnamite. 
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i'plbsives  aontaininf  vaVloMa  ntMntities  of  dinlt.ror.aT.iithalene  came  into  Mse  In 
all  countries. 

In  t';  c  Soviet  Union,  tie  follo;d.ng  clinapl'thalites  came  into  use,  starting  in 
i  for  underground  vrorlr  in  mines  not  dangerous  in  terms  of  gas  and  dust:  granular 
do.l,  and  pressed  ilo.2,  eontaininr,  12;''  and  P.JI'  dinitronapldd  alene  respective!;-. 

As  a  consecu'.encc  of  treatment  on  cru-sbo!*  roUs,  the  lr:i a  of  gi’anular 
dinap',  ti.aliltes  is  cons.i.deraid;;  iigi.er  tlain  that  of  the  ElKISf  Favi’er  formula  (v/hen 
'rc-arcl  in  the  i-su.al  manner,  the  havier  fornula  has  V  mm  brisance  and  265  oc  fugacitp, 
vr  areas  treatment  on  ti^e  crusher  roll,  it  has  a  brisance  of  lA-  -  17  ram  and 

a  fugdc.’-l.  •  of  32(;  -  3':C  00 ;. 

dlna’^hti.alitc  is  one  of  ti'.e  oov/erful  anrronium  nitrate  exjlcsives  employed  to  '•'last 

res;' st.'int  i-oc  •.  horco'/cr,  of  ail  the  ersatz  hirh  oxi-jlosives  o.f  ahe  ammonite  trae,  cnl-- 

ilna-ht' a'’ hto  sa;rlGi’ies  the  roq-.-irenent  in  terms  of  emission  of  toxic  gases  (i-0  itr 

toxic  gas  per  '  hg  '  ir'r  exnlosivc).  H-is  Important  indicator  :i.s  of  ma.-or  significance 

j.n  exoJcs  '-.'e  Sort  in  closed  spaces. 

:ra';’:lar  'tina;!  t:  alite  ■  as  a  '  risance  of  l5  mm,  a  ftigacit;;  of  320  co,  and  is 

s"  'cot  to  ier.on-’.t’^n.  etwoeu  civo  r.irtri^-.us  at  a  distance  of  5  nmi.  The  grain 
has 

size  aS  a  ma'cr  Influence  upon  'nrisancc.  T'r.e  formula  ha-vin-  minimimi  particle  size 
pro/iies  greatest  hrloance  and  susceptrcilil, ■  to  detonation. 

'..'hen  ffili  dinapi  t'r.a]  ite  is  treated  on  roll  crus'nero,  the  result  is  a  dense  mixture 
o;'  di/liKiSiiiilirHiy.ahjilh  din3-ti'ona-d  thaleno  and  v;hich  also  mal-es  for  a  certain 

sta'iihit  -CO  vrater.  Th-is  quaTit.-  mahes  it  possible  to  emplop  dinaphthalite  in  vret 
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In  France,  'flni^ronanr-t'^  aicno  Is  emplo.-ed  In  ballistic  poivders 


Dinitrcnapbthaiene  Is  emp'lo  -ea  in  the  aniline  dye  indnstry  as  an  interned iate 

for  produoln,';'  granular  brovm  dye.  It  is  observed  that,  vath  increase  in  the 

of  bo '..ter  ;.int. 

1, 5-dinii,ronap:.thaleno  isomer,  the  coloration  recornes  more  stable  andvpcrroKSiffij!. 
I'orcovcr,  vritb  inorcaso  h\  tl.e  1,5-iscmer,  a  hipi.er  7'ie]d  of  dye  is  achieved. 

T  j  'i-blnitronaphthalene  is  cmr.loyed  to  produce  l,?!-naphth.-,  ienediamine,  vfhici.  is 
empicod  ( :b  t:  e  fom  oi  Ms  acet;l  derivative)  in  tr.c  p.”oauctlon  of  azo  dyes. 

Trini'.ronaphf  ialcnc.  i.itratlon  of  1,  J-ainitronaphtlialone  yields  a  iruixture  of 
t:  e  I'oliovMny  ccayos Mions  (in 

j ,  t-:,ririitron.';f'- t'.alene  . ^7.5 

,3, rbiitrena'-;  t;  alenc . . . 2^.0 

,  t-'.r.;  n-.'.ronar.' t.  aieno . .  9.0 


cri  r.!  .ra^*c.n  oi’  i ,P-:li.ilfa*o;iai‘!.tr:aIc*rv3,  rr.ircturc  of  tho  follovrinf  ciomroG  i.Mon 
■(jr.  )i.-  is  c  tainei: 

•i','3  '  nitrenanbihaient’  . QI;*1 

I  ,b,P-,(  Mentlcal  to  ani  l,'i  ,5)-trinitronapr:tha.lene  .  ‘).-\ 

^ t  rasid;;t  sc-r.jM.-inr  of  amyurities) . 

Tear  nicai  trin  Ltronap'  t.'  alenc  is  of  tr.e  folJovri,np  pcrcent.aye  compositions 

ib:.i7y): 


a  (1,  j,  yy-trinitrc-naphthaleno . !ii 

3(1,  3,  8}-trinitronapMha]o'^o . I-' 

Y(i,  t)-trinitronarbt':a]erie .  8 

fc(l,  2,  5)-tr Initronaphti.alene . 23 

i'he  -isomeric  r.osit'Jon  of  technical  KilHliMMKKy.  trinitronapi.thal.ene  varies 

bin  cert.'un  limits  in  accoi-dance  vntl.  the  conditions  of  nitration  and jCorresponlinp.i 


tro  me.ltlnir'  point,  flnctiiates  in  Ikq  rango  of  110  -  i-'.O®.  Unler  (riven  sorKlit.ions,  a 

nirtiire  of  tri-  an.i  tetr.-.-nitronaphtl'ialones  is  obtained  (r.ibl.i?^.). 

•  • 

1»  3,  .‘j-Trinitronaphthalene  was  obtained  h;’-  Aquiar  (1311.1.170)  iy  nitration  of 
i,:-dirJ.:.ronapi,t!  aiene.  l,3,5-Trinitror;ap!,tliaJ.ene  forma  monoclinic  crystals  melting 
ani'"so“l;iblc  in  acetic  :icj.,l,  citioroform.  and  alooi:ol. 

i  jdjfi-Trinitronapi'iti.alcne  is  obtained  upon  nitration  of  J  ,fi-'linitronaphthal  one, 
and  crystal  11 2S3  in  the  *monoclinic  form.  The  melting  point  is  218'’;  it  is  soluble  in 
■I’cnb.ot,  and  vrea.-ly  solnida  in  etircr  an'i  chloroform. 

1 ,  !'-i'r  In  ■  tronapt  ti.'.a 'one  crystalline:;  in  tlac  form  of  glittering  yellov/  platelets 
r-islting  at.  V'.7°.  It  dissolves  re.aiii'  in  benzene  XWJ5XK1  and  weaklf  in  ether,  alcohol, 
an  I  ct  loroforii. 

’ , 2, : -Tri n;i  tronap?  ti  alcne  cr.'sta.l liz.cs  in  the  form  of  a  needle  melting  at  112  -  113'^, 
an  I  r o.'i  1  i  I  •  so  . ' . ■  j  o  n  a’  co!  c  J . 

..'ten  cai'st ’cs  .are  reacted  v/ith  LeciinJcal  trlriitronapl.t!  .alcne,  tiie  latter  goes  into 
v;eai:iy,  giving  t.'-.c  caustic  a  darl'  red  coloration.  An  aqueous  solution  of 
.inl.ium  ■■  ■siilt'ir.o  I/,  dissolves  trini trcnapht.haione  .In  tl'e  cold,  wliiic  upon  heating,  it 
cenvorts  it  'o  tie  corr'ispeg. !  ir.g  n' t  roajninonapht’talenesulfonic  acid. 

.dodJir;  reacts  vrii,ii  all  isomers  o.r  trinitronaplithalene. 

At  a  •  iy'  temneratnres,  strong  sulfuric  acid  reacts  with  trinitronaphtlialeno, 
converting'  it'tcr  soliii.-ion  of  .'.ari:  trci-m  or  black  color. 

In  'ts  explos.ivc  properties,  tiJs  tu-odiict  is  similar  to  dinitroi'onzeiio.  Tai.Jc  f/i' 
a'is'ices  ti  c  ex''.iosjvo  propert.ies  trinitronani'.thalene  in  mixtures  with  ammonium 
nii.ratc  cind  v/Ls;,  other  nitro  compounds,  ikon  explosion,  trinitronaplitiialene  lil.erates 
'  |t,  Jtr/i'g  of  gaseous  products,  ivhilo  t.he  heat  of  explosion  is  923  I:cai/kg. 

Best  Available  Copy . 
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f'eilar'l  j'  OVfod  fcr.at  tiio  dstcri-it^'ori  pfp  voJociiv;  of  t.r Lnitron'ipht!  '.lieno  rna,'  ,  ur/ler 
certain  ar.ieci.fi':  cirowaa^'inccs,  oycecd  '/vOC  p./sec,  and  ti.at  d  initrona;i'.thal0ne  doos 
not  iisola--  ntaide  ’Ictonation  {\  'A  I.ITA) , 

'i'at.le  55 
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-I .■v.-r.,,  I,-;.  ;  '  T"  '  an;  .:j  •  :  ty  (v/ciyht  10  ;-:p,  1)  -  25  cm),  in  explosions; 

a)  'rra’’2’  fi’f-ac’-,  (TAT  ..o.d  can),  cc;  i)  irlsance  (I.'o.!?  can),  mm;  tJ)  fast;  i’)  Hess; 

"}  .'stcr.'itio  !  vu ! CO.' V ,  r/sec;  i  )  "iilinr  density,  nn/cm^j  i)  ti:T;  ')  Tcci-nical. 
tr ‘nitrona’'!  t' a'cne  (nol’-lnp  i.oj'nt  IfO^);  !:)  '  tri nitronap!  th alene  and  !n’y,,r;C3 

;)  33.’ ,  trjnJtrcnan'r.tJ  alcne  and  IlHtiJO-j;  m)  35!.''  trinitronanhti alone  and  5  >  "i'T 

(  rossinr  ’■;o:ir.t  '5^);  n)  15  ’  trinitronar'.hthaiene  and  B5!!'  TMT  (freesinf'  point  ''''■•°); 
c)  '..Oy  trlnitrcnanytljaiene  and  ''C!'  trinitropionol  (froesinp  point  P2°);  n)  20  . 
tri!;ii,roi!a;-  t-alono  and  fJO:'  trir.J  troplionol  (freezing  point  105°) 


L'a  Ih  '.t  •atcv/s.  ti'at  'r;  its  i’upac '  fcy  t.’J nitronanl-.tlialcnq  is  v;eal:or  than  Ti.'T 


326 


170 


171 


20o-  25,'',  in  Irisance  !;•  25  -  30.''',  that  its  shook  sensitivit.-''  is  higher  than 

* 

that  of  TNT. 

not  produced  in  significant 

Trinitronaphthalene  is  quantity  an.'-where.  It 

was  emriloped  in  Oerman;-  as  a  partial  substitute  for  THT  in  the  form  of  an  alio; 
consisting  of  ''7'’  TKT  and  33.  trlnitronap!  th  alene,  for  the  filling  of  sh.elis.  Small 
quantities  were  emplo- ei  in  "ranee  In  a  mixtnire  of  95  ''  MK/JICq  and  5''  tr  Initronaphtlialene . 
for  the  manni'acture  of  safet;-  explosives.  IX 

Tetranitronanh  thalsne.  Accor  llnr  to  A.S.Sor.3t  (■ibl.”l’5),  t.ne  nitration  of 
Ijff-dinitronanttha'' ene  ;-ieids  c'r  ieflp  l,3,6,fi-tetranitronaphtt:alene,  or  the  p-isomer. 

Its  mel.ting  point  is  202°.  When  1 ,5— dlnitronaphthalene  is  nitrated,  tlie  result  consists 
primaril;  of  two  '^.semers  of  tet,ranitronapht1talerio:  1,2, 5, 7-  or  the  6-isomer,  which, 
nr  on  'eating  at  .270°,  decomposes,  .and  the  i,3,5,S-,  ory-isoner,  tte  melting  noint  of 
v/hic-  is  ?.')'■  -  j.'15°.  Further,  the  1,' , 5,fi-isomer  w.as  also  obtained.  It  decomposes  at  ■ 
a  temperature  of  a:  out  300’’,  vr -f.out  '■re-'.-iousl;-  having  fused.  Finall;-  there  is  the 
cr  -isomer  ti'e  position  of  t’-e  nitro  groups  In  which  has  not  "een  determined.  WTen  it  is 
cr, 'stfi-ll  i.7.ed  out  of  c'lorcfcrm,  tie  result  is  or;-stals  of  rhomhic  form  with  a  melting 
point  of  259°. 

'./hen  tec'-'nical  trinitronaphthalene  is  nitrated  to  tetrani tronanhthalene  vrith  mixed 

sn.'^-ftiric  and  nitric  acids,  llO  kcal  heat  is  emitted  for  everp  1  kg  of  trinitronaphthalene 

tetranitronaphthalenes  are  obtained 

Davis  points  out  (Eibl.l^?)  that  upon  the 

nitration  of  dlnitronaphthalene  in  tl.e  presence  of  H2S0;|^  at  a  temperature  of  80°, 
and  an  adequate  excess  of  nitric  acid.  The  product  vield  does  not  exceed  5C7o, 

Technical  tetranitronaphthaleno  consists  of  four  i'.oraers,  and  is  readily  soluble 
in  acetic  acid.  The  acid  equilibrium  of  tetranitronaphthalene  somewhat  exceeds  that  of 
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TNT,  and  therefore,  the  pure  product  should  not  be  inferior  to  TNT  in  its  explosive 


properties. 

Tetranitronaphthalene  is  not  produced  an3’where  on  an  industrial  scale  because  of 
its  nigi-'  cost  (large  acid  consumption). 

Nitration  of  sulfo  derivati.ves  of  naphthalene.  Nitration  of  the  sulfo  derivatives 
of  naphtfaiene  does  not  result  in  the  forcing  out  (substitution)  of  the  sulfo  group  bp 
nitro  groups  as  occurs,  lor  example,  in  the  nitration  of  sulfonhenols.  In  ti’e  case  of 
the  sulfo  derivatives  of  naphti'alene,  the  ni+_.ro  groups  enter  the  ring  in  the  meta  position 

with  respect  to  the  sulfo  groupc  5Qf  already  present,  when  nitration  occurs. 

lantz 

Bhitii  (hiM.lTP)  studie<l  the  conditions  of  nitration  of  mono-,  di-  and 
trisul  fonic  acids  of  naphthalene  ‘'n  suJ.furic  acid  solution  and  found  that  the  most 
favora'r’e  results  are  obtained  when  a  mixture  containing  -  ?0!^  sulfuric  acid  is 
epnio-'ed.  Under  optimum  conditions  of  nitration,  a  maximum  of  four  groups  map  be 
introduced  into  tl-e  nanht’.alene  ring  (counting  the  S03i:  alread;  present,  and  the  MO2 
groups  entering). 

Here  it  is  important  to  note  iOiAK  tie  fact  that  the  corresponding  nitro  derivatives 
of  napt'tr.aiene  cannot  be  obtained  from  the  naphthalene  sulfonic  acids  in  solution^and 
tiierefore  convenien-^i in  the  teci:no]cgical  sense.  However,  in  the  production  of  MXMX 
nitrosulfonic  acids,  it  is  desirable  first  to  perfom  sulfonation,  followed  bp  nitration. 
Tiie  performance  of  nitration  immediatelp  after  sulfonation  makes  it  possible  to  emplo?’ 
sulfuric  a^id  in  the  sulfo  batch.  Iloreover,  if  the  processes  were  rum  in  reverse  order, 
sulfonatioa  of  nitro  compounds  might  result  in  a  small  ^-ield  of  the  required  compound 
and  in  contamination  thereof  with  side  products,  as  a  consequence  of  the  ability  of 
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171  nitronaphtlalones  to  react  with  strong  sulfuric  acid. 

g 

In  the  products  obtained  upon  nitration  of  naphthalene,  F.F. Peilstein  and 
A.A.Kurbatow  (;  i'-'l, I.5'')  discovered  ptithaiic,XM  nitropr  thalio  and  nitrol  enzoic  acids,  ' 
nltronaphthiols,  etc. 

Wit'"  increase  in  t/ie  strength  of  the  mixed  acids  and  the  nitration  temperature, 
there  is  an  increase  in  the  intensity  of  the  oxidizing  processes,  par ticularly  those 
prv  'eding  with  destruction  of  one  benzene  ring  of  the  napht.hals-iie. 

SSmMXXi 

Section  2.  Technolog:"  of  Nitronannthalene  Production 

Ihcoduction  of  mononitronaphthalene.  I'ononitronaphthaiene  is  produced  h*'  nitration 
of  nan'  t’aiene  with  mixed  s’.Tfuric  and  nitric  acid  of  various  comnositions,  r.aving  an 
identical  factor  of  nitrating  activity  ('1  -  ''2,"  in  terms  of  H2SO/1,).  ’,'efore  nitration, 
tie  nan' thaJene  is  nnji.rerizei  (cr  fused)  and  first  mixed  witi  spent  acid  from  the 
rrecedihr  operation.  T'.e  run-in  time  is  emplor'ed  to  regulate  the  rate  of  '-.eat  emission, 
so  as  ‘-0  'old  t'-e  temperature  at  50  -  ■  0°.  At  tie  end  of  run-in,  the  product  is  held 
"or  ■  r.  Tie  product  is  separated  from  the  spent  acid  in  the  fused  state.  The 
nroduct  s'ould  have  a  freezing  point  of  not  less  than  51°,  and  its  yield  is  97  -  98” 
of  theoretical.  In  some  cases,  the  produot;ion  of  technical  mononitronaphthalene  for 
t'e  needs  of  t!;9  aniline  l.-e  industry  spocial  conditions  of  nitration  are 

de’^elored  and  a  special  purification  of  the  product  is  performed. 

Production  of  dinitronapnthalene.  A  nurn'cer  of  industria.i  methods  of  producing 
dinitronaphthalene  are  known.  XXIQQSIIKJXIGSX 

According  to  Shtettbakher  (Eihl.179),  it  is  recommended  first  that  one  part 
mononitronaph,thalene  be  mixed  in  the  nitrator  with  four  parts  coiranprcial  sulfuric 

m 
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171  acid  of  KXX  1.84  specific  piravity,  whereupon  0.8  of  nitro  mixt  -re  is  slowl:^  poured  into. 

the  contents.  The  nitro  mixture  is  prepared  of  equal  quantities  of  strong  sulfuric 

and  nitric  acids.  The  dinitronaphthaiene,  that  comes  into  Veing  in  the  form  of  :ellow 

crystals,  is  separated  from  the  acid  on  t>’e  centrifuge,  and  is  washed  with  hot  ’.vater  IB 
until  a  neutral 

reaction  is  obtained.  In  the  given  case,  nitration  is  performed 

in  excess  strong  acid,  which  can  be  utilised  only  in  part,  in  the  first  chase  of  nitration 

172  .  According  to  the  data  of  A. A.Scloninia  (Bibl.180),  ilermanp  !'ad  a  method  of 

producing  dinitrona"hthalene  ■  p  nitration  of  mononitronaphthalene  with  strong  nitric  ° 

acid  in  the  cold.  Jetailed  technical  information  with  respect  to  this  method  is  now 

available.  According’  to  ’'is  data  (i'i  1.180),  13 nitronaphthalene  vras  natie  in  German" 

during  './orld  uar  I  hp  mixing  18  )•■’•  mononitronaphthalene  and  39  ’:g  sulfuric  acid  of 

l.t'*'.  specific  gravity,  surreq-.ent  to  whic;.  15  hg  strong  nitric  acid. was  r'jn  in.  In 
course  of  t!je„ 

ti  e/reacti.on  -rocess,  wtic'  .hasted  for  8  hrs,  the  hatch  was  periodically  agitated. 

T;;e  resultant  product  was  fi.ltered  and  washed  witii  water.  This  method  is  not  economical, 
as  it  is  haso-l  on  a  considerahle  excess  of  nitric  acid  (more  than  200,'..)  over  the 
theoretical. 

A  more  prpfitahle  process  v/as  organized  at  a  plant  of  tine  Franco-Russian  dociet.'p 
in  G'-terov.ha  in  I'i*!!  -  191'.  A  mixture  of  58.1!  11230/^,  28  -  30f>  and  22  -  23/)  H2O, 

wit'::  a  70l  factor  of  nitrating  activit.",  was  employed  to  produce  dinitronaphthaiene. 
Nitration  of  mononitronaphthalene  was  performed  over  a  four  hour  period  at  .48  -  50°. 

Twelve  parts  mononitronaphthalene  were  run  into  liU  parts  of  mixture.  After  30  min  of 
holding  of  the  mass  in  the  apparatus,  it  was  cooled  to  25  -  30°,  and  made  over  for 
fijltration.  The  product  remcved  from  the  acids  was  washed  vdth  water  in  5%  soda  solution, 
liM 
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and  again  ’in  cold  water,  subsequent  to  which  it  was  washed  on  the  centrifuge  and  dried 


at  AO  -  70°  in  a  rack  dessicator.  The  spent  acid  was  employed  in  the  first  stage  of 
nitration; 


Fig. 58  -  Method  of  Producing  Dinitronaphthaisne 

}  and  7  -  Uitrat'.rs;  2,  5,  6  and  11  -  Metering  tanks;  3  -  Separator; 

(Suooion  Filters); 

!l  and  9  -  jlising  devices;  8  and  13  -  Mutsohes^^lC  -  'dashing  vat; 

12  -  heater;  It  -  Iran 

a)  Coir.'iressed  air 

luring  World  '.'.'ar  II,  dinitronani  thalenc  was  used  in  a  single  stage  in  Sermanr 

('  i' 1.181)  1;  nitration  of  naphti'alene  irith  mixed  acid  of  the  following  composition: 

58. 5:1  !:2S0/^;  22. Z'  Ul'.Oy,  19. X-  H2O.  The  components  were  run-in  in  ’’inverse"  water. 

34  -  38°, 

The  temperature  at  the  time  of  mixing  was  held  at  while  tliat  351  at  the  end 

of  t!ie  nrocess  ms  40  -  50°.  Upon  completion,  the  mass  was  cooled  to  30°,  and  sent 

was  performed  first  with  cold  wate_r^ 

on  to  a  filter,  dashing  iai5X}n535IgMiU5XTI3g35  (4  m3  per  ton  dinitronaphthalene),  and  then 
witn  hot  water  (12  -  14  m3),  Dr;'ing  was 

1535M^imyj2P<M^|iaa5305I«pjgi5Xj5^  performed  at  70  -  80°.  The  yield  of  dr;,' 

products  801?  of  the  theoretical. 
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The  production  of  dinitronaphtiialene  in  two  phases,  by  a  batch  process,  employing 


mixed  sulfuric  and  nitric  acids  as  a  nitrating  agent,  is  illustrated  in  the  diagrcjn 
in  Fig. 5ft.  . 

According  to  the  diagram,  naphthalene  is  charged  into  the  nitrator  (1) ,  where  a 

has 

certain  amount  of  spent  acid  from  the  first  stage  KXJI  teen  left  as  medium.  Run-in  is 
throug^i  the  hatch,  with  the  agitator  operating.  Then,  nitro  mixture  is  gradually 
ran- In  Trom  measuring  tan!  (2),  and.  the  nitro  mass  is  held  for  some  time,  to 
rermit  stirrin.rf.  h-'Cn  comp'et.icn  of  tie  process,  the  stirrer  is  stopped,  and  the 
nitre  mass  is  -'ermittel  to  stand,  whereupon  a  -portion  ti.ereof  is  forced  into 
se”'arator  (3)  '  oompressei  .lir.o? 

3  f  e  entire  nononitrona^'i  t.'-aiene  is  forced  out  cf  tie  nitrator.  <i  portion  of  the 

snent  aci  i  's  'eft  '.n  t' e  nitrator,  whore  :t  .serves  as  ’"siinm  .in  whio!  to  perform  thie 

bilowin-  oreration. 

The  rrod'-ot  tu- e  for  MO  del''rory  of  acii  and  the  '’roduots  into  ti‘e  se-iarator 

rioes  not  re-acl  tie  :c".  :.on;  of  e  nitrator.  This  makes  for  maintenance  o.f  a  constant 

next  first-stage  operation. 

residue  c’  cpor.t  acii  t.n  the  nitrator  for  the 

"rora  set.arator  (3),  the  mononitronap'  ti'alene  that  ras  settled  out  is  sent  to 
meter  uTr  tank  (i)  for  tiie  second  pi  ase,  and  the  spent  acid  is  sent  to  a  settling  tank 

-I,  _ 

through  rijlBp’nWI-w  (^i). 

All  the  nitro  mixture  to  he  nitrated  is  riin  from  measuring  tank  (t)  to  n.ltrator  (7), 
whereupon,  the  molten  mononitronaplithalene  is  slowly  run  in,  with  the  agitator 
operating. 


332 


operatlng^it  is  then  sent  to  the  IJuiee+r(8),  with  the  aid  of  compressed  air.  Here  the 

from  the  HMtaeh' 

spent  acid  is  squeezed  out  of  the  dinitronaphthaiene.  The  spent  acid  IlSi<XMiUCCJUQ94i!l 

t 

is  sent  to  settling  ' 

l!.Kyy}fl(yTTiiyyxXT)iiii6KK  coJumns  via  risiag-dwiee  (9),  and  the  product 

is  raked  into  t!'.e  funnel  through  the  side  hatch  in  t'-e  Kuteeh'  i  '■  X  means  of  special 

ra-es.  rr<^n  ''-ere  it  goes,  via  a  'wide  niv'e,  to  the  washing  vat  (lO). 

T’’-e.dinitrona  hti.aiene  oi-oained  is  washed  several  times  vrif''  hot  vrater,  T'-'e  vrash 

water  is  t' en  sent,  i means  of  ar.  overhead  nine,  to  ■.  system  of  traps.  (jA),  and  then 

to  t'e  drainage  s;  stem.  The  hot  'water  -v/as;  1  ng  comes  from  eater  (12)  through 

meterinn  tan'-  (.il).  I'non  comnletion  of  wash.lng,  th.e  dinitronapr.thalene  and  the  water 

are  '’owered  over  a  Ihatsoh  (13),  'with,  aritator  cperatinp,  where  the  product  is  sq’jeezed 

free  of  'vator.  The  pressed  Ainitronap!.t;‘.alene  is  .loaded  into  specia’  cars  and  sent  tc 

dr'ing  along  a  narro’w-track  railwa;  . 

pield  of  nrqduct,sj 

it  sh.ouJ.  1  -e  note!  '..''.ay  tire  jsdfMMX/^cth.  in  the  first  and  the  second  suppe  are 
dependent,  to  a  consideraMo  degree,  unon  thie  pronertp  of  the  nap''.thalene  emplopei. 

Ti'.e  use  of  pressed  narUt-.a^ene  instea-l  of  crpstali.ine  nanht'’'alens  (whioh.  is  o'ure)  results 
in  a  reJoctior  in  t;  e  piel]  in  stage  one  apnro;cb;ate.l:’  5.’'’  and  in  stage  two  ' 
approximate!:-  3 

In  stage  two,  the  mixture  consisting  of  'AA  H2S0;^  and  15',  HlIO^  is  empiop-ed.  The 
hig'er  percentage  of  nitric  acid  facilitates  the  limiping  of  the  nitro  products  in  the 
co’urse  of  nitration.  The  amount  of  nitro  mixture  is  detent ined  on  the  basis  of  assuring 
a  AOil  excess  of  nitric  acid  monohpdrate  over  t-ha  theoretical.  Complete  separation  of 
the  spent  acid  from  the  dinitronapr.thalene  does  not  prove  possible,  and  up  to  305^  goes  . 


to  the  washing,  vat,  XXX  along  -with  the  dinitronaphthalene.  IKXXXJ4XH 


Tfie  spent  acid  from  stage  tvro  is  employed  to  make  up  mixed  acid  for  stage  one, 

•  *  * 

the  factor  of  nitrating  activity  of  which  should  be  6l  -  62/2.  The  composition  of  the 

mixed  acid  of  stage  one  will  vary,  for  exampie,  a  mixture  of  Vi250j^,  3762  HNO3,  and 

18;:>  H2O  will  he  used,  and  if  the  second-stage  spent  acid  and  weak  nitric  acid  are 
completely  employed  in  stage  one,  the  consequence  is  a  mixtiire  containing  from 
10  -  136-  HHO3  and  56  -  571’  H2S0/^,  with  a  factor  of  nitrating  activity  of  61  -  62)2. 

IJitration'is  performed  in  stage  one  with  a  gradual  rise  in  temperature  to  50° 
toward  the  end  of  run-in  of  nitro  mixture,  and  with  holding  at  60°  for  1  hr.  In  the 
second  stage,  nitration  is  performed  by  running  t!;e  mononitrotoluene 

into  the  mixed  acid  over  a  period  of  U  hrs,  with  gradual  rise  in  temperature  from 
15  -  iS°  to  ’:.0°.  Tnis  low  temperature  '  required  during  the  run-in  time,  as  a 
'-oncequeace  of  the  Lenienc;  of  H.c  nitro  prciu'ct  to  3unr  at  higher  temperatures. 

The  mononitronanrthalene  entering  a  cold,  energetically  agitated  nitro  mixture 
freezes  in  t'e  form  of  fine  granules.  Gradually,  starting  at  tie  surface,  the  granules 
of  mononitronanhthalene  imderrc,  nitration  in  depth.  The  process  of  nitration  proceeds 
in  the  solid  prase,  and  its  velocity  is  SiXit  determined  b--  tie  rate  of  diffusion  of 
acid  mijcture  within  these  granules. 

It  is  particularly  important,  in  the  nitration  process,  to  MJOOQQt  adhere  to  the 
temperature  conditions,  as  the  lumping  of  the  product  depends  upon  this.  Because  of 
lumping  it  is  the  fomr.ation  of  a  IXMX  low-melting  mixture  at  a  given  ratio  between 
dinitronaphthalene  and  mononitronaphthalene  Ut-0  and  601  respectively). 

Table  56  presents  the  freezing  points  of  alloys  of  dinitronaphthalene  and 
MiSQStiQiKXXXZiUUi  mononitronaphthialene.  Upon  achievement  of  a  formuDa  approximating  or 


174  °  •quallng  th«  •utcetlc,  the  granules  of  products  will  begin,  if  tesqjeratun  is 

o 

elevated,  to  soften  and  mergSk  into  Iubq^s.  Table  $6  shows  that  the  melting  point  of 

e 

a  eutectic  mixture  of  )QQEXi  pure  dry  mononitronaphthalene  and  dinitronaphtlialene  Is 
43 • 5°,  and  that  of  the  product  impregnated  with  acid  is  even  lower. 

Table  56 
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a)  Alloy  eon^josition,  b)  Mononitronaphthalene;  c)  Dinitronaphthalene; 
d)  Freezing  point,  °C 

In  practice,  there  are  cases  in  which  the  entire  product  XX  merges  into  a  single 
viscous  mass  that  adheres  to  the  agitator  and  the  walls  of  the  nltrator.  Sven  XXi  a 
small  amount  of  lumping,  leading  merely  to  a  little  increase  in  grain  size,  sharply 
increases  the  nitration  time  and  complicates  further  processing  of  such  a  product. 

The  use  of  mixed  acids  for  the  second  phase  having  a  nitric  acid  content  of  more  than 
15^  makes  for  lumping  of  the  product  inasmuch  as  nitric  acid  substantially  diminishes 
the  HHjMfimnHi  melting  point  of  a  eutectic  mixture. 

Thus,  running  mononitronaphthalene  into  mixed  acid  is  terminated  at  40°,  subsequent 
to  wiiich  the  temperature  is  raised  to  45°,  and  the  mass  is  held  at  this  temperature  for 
1.5  hr. 

After  the  spent  acid  is  separated  out,  the  dinitron^hthalene  is  washed  repeatedly, 
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first  with  cold,  and  than  vrlth  hot  wmter.  As  a  consequence  of  the  fact  that  nitration 

.  » 

results  5.n  producing  dlnitronaphthalene  in  the  form  of  granules,  washing  presents 
serious  difficulties.  The  acid  trapped  inside  the  hard  granules  can  only  be  washed 
out  with  great  difficulty  and  it  usually  takes  10  or  12  washings  to  reduce  the 
acidity  of  the  product  to  0,1%.  In  addition  to  a  considerable  lengthening  of  the  time 
TmumHBryntynnt  required  for  the  process  of  washing, considerable  quantity  of  waste 
waters  requiring  special  XXZ  cleaning-  resiiltsi 

The  washed  product  is  dried  by  two  methods:  in  chamber  driers  on  racks  at  90  -  95®, 
or,  in  the  same  manner  as  TOT,  in  the  fused  condition,  at  160  -  180°,  in  drying  baths. 
Drying  is  followed  by  flaking.  In  this  situation,  the  product  is  produced  in  the  forn 
of  fine  flakes. 

Production  of  trinitronaphthalene.  A  number  of  investigators  have  concerned 

IQDQi  themselves  with  the  manufacture  of  trinitronaphthalene. 

Patard  (Bibl.159)  has  nitrated  naphthalene  with  mixed  acids  of  various  compositions 

at  110°.  He  has  found  groups  of  nitro  mixtures  of  various  compositions  capable  of 

nitrating  naphthalene  to  specific  degrees  of  nitration.  A.V.Sapozhnikov  (Bibl.176), 

w!io  elaborated  on  Patard  »s  material,  showed  that  trinitration  of  naphthalene -can  be 

50  molar  and  not  loss  thy 

carried  out  by  mixed  acids  containing  not  more  than 

25  molar  percent  H2O.  Wh«i  the  mixed  acids  are  stronger  than  this,  the  result  is,  at 
first,  tetranltrpnaphthalene  at  up  to  20^  molar  H2O,  followed  by  the  poeeibility  of 
partial  carbonization. 

Friondler  (Blbl,182)  produced  trinitronaphthalene  by  direct  nitration  of 
mononitronaphthalene . 


A.A.Solonlna  (Bibl.lSO)  provides  a  recipe  for  producing  trinitronaphthalene. 


MQ)lo7«cl  ftt  th«  Okhta  Powder  Works,  undaro  which  11  kg  mononitronaphthalsnes  are  mixsd 

o 

with  39  kg  sodium  nitrate,  the  mijcture  is  rubbed  through  a  sieve,  introduced  into,  the 
reactor,  to  vrtiich  102  kg  conmeroial  sulfuric  acid  is  added.  This  method  was  developed 
by  A.V.Stepanov  (Bibl.l53)»  Its  chief  shortcoming  is  the  impossibility  of  utilizing 
spent  acid,  as  this  sharply  increases  the  cost  of  the  product, 

Aguiar  (Bibl.170)  produced  trinitronaphthalene  from  dinitronaphthalene.  To  do 
this,  ffiCM  100  gm  1,5-dinitronaphthalene  was  mixed  with  1000  gn  strong  nitric  acid  at 
120  -  130*^  for  one  hour  in  a  reactor  with  a  reflux  condenser.  The  insult  of  the 
reaction  was  the  production  of  1,3, 5-trinitronaphthaiene. 

F,  Trlnltrophenol  and  Other  Nitro  Derivatives  of  the  Phenols 

Trinitrophenol  was  first  obtained  in  1771  by  Woulff  by  reacting  nitric  acid  and 
indigo  (Bill, 183).  Because  of  its  acid  properties  and  .bitter  taste  (niHooo  -  meaning 
hitter)  was  called  picric  acid.  In  1813,  the  same  product  was  obtained  by  Loran,  by 
the  nitration  of  phenol.  The  comparatively  accessible  initial  raw  material  made  it 
possible  to  organize  the  manufacture  of  picric  acid,  which  was  employed  as  a  yellow  dye 
for  wool  and  silk.  At  that  time,  the  explosive  nature  of  picric  acid  was  not  known. 

In  1868  -  1869  it  lyas  proposed  to  eagjloy  the  potassium  and  ammonia  salts  of  picric 
acid  as  a  component  of  explosives  made  from  potassium  nitrate.  In  1873  Sprengel 
discovered  that  picric  acid  could  be  exploded  by  the  use  of  a  mercury  fulminate 
detonating  cap.  This  made  it  possible  to  employ  it  independently  to  fill  artillery 
shells.  It  was  found  that,  to  e:qplode  cast  picric  acid,  one  needed  an 

intermediate  detonator  of  pressed  picric  acid,  which  in  turn  would  dependably  detonate 
due  to  the  action  of  a  mercury  fulminate  detonating  cap. 


Starting  in  1886,  picric  acid  came  to  b6  onployod  widoly  to  fllX  shflls  In 
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Franca  undar  tha  daalgnatlon  of  Mclinita,  starting  in  mXPCCBIgTmi  1886  In  England 

undar  tha  daaignatlon  Lyddlta,  In  Japan  undar  tha  tltla  of  Shlmose,  in  Germany  undar 

the  d'aaignation  C/88  and  in  Russia,  starting  in  1896,  under  the  designation  Melinite. 

Thanks  to  the  fact  that  picric  acid  was  the  first  explosive  which,  having  high 

black 

power  and  brisance,  was  less  dangerous  to  store  eind  to  handle  than  the  powders 

hitherto  known  in  military  practice,  nitroglycerin  and  ftrroxylin,  its  manufacture 

iimediately  was  undertaken  on  a  very  large  scale. 

In  Russia,  the  manufacture  of  picric  acid  was  first  jUQQQtt  undertaken  in  1896  at 

the  Okhta  !?orks  (which  burned  in  190?)  and  somewhat  later,  during  World  War  I,  at 

manufactured  from  phenol, 

three  other  plants.  At  two  plants,  picric  acid  was  and  at 

the  third  froHi  benzene,  through  dinitrochlorobenzene  as  intermediate  (Pibl,184). 

Toward  the  end  of  World  War  I,  about  10,000  tons  of  picric  acid  was  being  manufactured 
per  year  in  Russia,  25,000  tons  in  Germany,  and  about  50,000  tons  per  year  each  in 
Britain  and  France. 

However,  the  scale  of  production  of  picric  acid,  3tX  even  at  the  beginning  of  the 
Twentieth  Century,  UfjpUXX  began  to  iHBfWiW  diminish,  as  a  conaequence  of  its  negative 
properties  such  as  reaction  with  the  shell  casing,  resultin|  in  the  formation  of 
iron  picrate,  highly  sensitive  to  shock,  and  the  fact  that  it  could  not  be  engsloyed 
tp  amnonltee. 

At  the  present  time,  IDT  has  replaced  picric  acid  almost  in  its  entirety,  and  its 
production  in  peace  time  has  iTBDtjiiljfX  been  sharply  reduced.  In  wartims,  the  significance 
of  picric  acid  as  an  explosive  remains.  ’  This  Is  XU  testified  to.  In  part,  by 
investigations  In  the  field  of  HXIWiPXIBFJUUUlJtfl  rationalization  of  existing  methods. 


as  well  as  the  development  of  new  method»*of  producing  picric  acid.  Particularly  great 


176  *tt«ntlon  hM  b*«n  given, In  recent  years,  to  producing  picric  acid  directly  from. 

benzene,  by  the  method  of  oxidizing  nitration. 

Diu*ing  World  War  II,  a  number  of  major  ecicntists  worked  on  the  problem  of  a  more 

profitable  method  of  producing  picric  acid,  to  wit,  by  oxidizing  nitration  of  benzene 

catalyst. 

in  the  presence  of  a  mercuryxmimk.  These  scientists  Included  N.G. Laptev  and 

A. I. Titov  (Blbl.,185),  and  in  the  USA  Dimning,  Robertson,  Westheimer,  etc. 

(Bibl.186,  187). 

In  the  course  of  World  War  II,  33,000  tons  of  picric  acid  was  manufactured  in 
Germany.  In  Japan,  according  to  the  data  of  Colley  (Bihl.lSS),  picric  acid  production 
was  on  a  rather  substantial  scale. 

Section  1.  The  Chemistn-  of  the  Production  of  Phenol  Hitro  Derivatives 

Nitro  derivatives  of  phenol  and,  in  particular,  trinitrophenol,  'are  produced  in 

industrial  practice  from  phenol  or  benzene  OPUl  (via  dinitrochlorobenzene  as 
the  nitration 

intermediate,  or  itHiXinHOmiiK  of  benzene  in  the  presence  of  mercuin’^  nitrate).  Each  of 
these  methods  enjoys  tX  certain  advantages.  In  peacetime,  they  permit  the  manufacture 
of  highly  valuable  intermediates  in  the  form  of  dlnltrophenol  and  irnffXWnfintT 
dinitrochlorobenzene,  which  are  widely  employed  in  the  manufacture  of  dyes, 
a)  Production  of  Trinitrophenol  from  Phenol 

Phenol  C6H5OH  is  a  crystalline  substance,  colorless  or  pinkish,  with  a  freezing 
point  of  U2.5°  and  boiling  point  of  182°.  The  specific  gravity  of  phenol  at  50®  is 
1.0(f66.  Its  thesmil  c^cacity  is  0.561  kcal/kg/^,  and  its  latent  heat  of  vaporization 
at  the  boiling  point  is  12U  kcal/kg.  The  tmnperature  of  autoconbustton  of  the  fumes . 
in  air  is  430°.  . 
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176  Phanol  constitutes  from  10  -  25%  of  coal  tar.  The  largo  dseuuid  for  phenol  on  the 

e 

« 

part  of  a  number  of  branches  of  the  ehemloal  Industry  (plastic's,  aniline  dye,  lacquer 
•  «•  « 

and  paint,  etc.)  gave  rise  to  the  need 'for  Idrge-scalo  production  of  synthetic  phenol. 

Modern  methods  of  phenol  synthesis  employed  benzene  as  the  starting  substance. 
Phenol  is  produced  in  the  follovring  ways. 

1.  By  fusing  the  sodium  salt  of  benzenesulf oni o  acid  vrith  caustic,  the  principal 
stages  of  the  process  being: 

a)  sulfonation  of  benzene 

CsH,  +  H,S04  C6H5SO3H  +  H2O: 

b)  formation  of  the  sodium  salt  of  benzenesulf  oni  c  acid 

2C6H5SO3H  NaiSOj  -  -  2Ccl  l-SOjNa  i-  SOj  +  H;0. 

c)  fusing  of  the  sodium  salt  of  benzenesulfonic  acid  with  caustic  soda: 

C„HjS()3Na  +  2NaOII  ->  CeHsONa -f  No2S03  + MjO; 

d)  decomposition  of  the  phenolate 

2C6ll;,ON.i  f  SOj+lIjO  2(;6ll50ll-f  NaiSOj. 

177  2.  Hydrolysis  of  chlorobenzene  by  caustic,  in  accordeuice  with  the  reaction 

CjHjCI  +  2NaOH  -»  CaHsONa  +  NaCI  +  H20. 

sodium  phenolate 

With  subsequent  decon^osition  of  the  jtlHniMHic>X1QFXraHHX  by  acid  (sulfuric  or 
hydrochloric) 

C,lisONa-hHCl -*  C,H,OH  +  NaCl. 

Hydrolysis  is  performed  with  a  10%  aqueous  caustic  soda  solution  at  200  -  250  atm 
pressure  and  300  -  350®. 

3.  Catal3rtlc  hydrelysis  of  chlorobenzene  by  steam.  Hydrolysis  of  chlorobenzene 
by  steam 

'  CsHtCl  +  HjO  -*  CjHsOH  +  HCI 

%0 
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is  parfonaad  at  450  >  500^  over  a  catalyst^ (aillca  gel  and  others). 

4.  Decomposition  of  hydrogen  peroxide  of  isopropylbenzene.  Under- this  method, 
two  valuable  products,  phenol  and  acetone,  are  obtained  simultaneously.  The  process  is 

run  in  stages: 

a)  production  of  isopropylbenzene  (cumene)  by 


1 

1 

z 

' 

0  'iO  « 

—i 

alkylation  of  benzene  by  propylene: 


CH, 

+  CHa=CH  -  CHj  \  CH  ; 


CH, 


t>) 


Fig. 5^  -  Effect  of  Temperature 
upon  Solubility  of  Phenol 
in  Water 

a)  Teriperature,  in  °C; 

b)  So  Lubility  of  Phenol 


b')  oxidation  of  isopropylbenzene  by  air 
(in  an  aqueoia  alkaline  emulsion  under  prsss-ore 
.at  130°)  with- conversion  (as  the  consequence  of 
a  chain  reaction)  into  the  hydrogen  peroxide 


CHj 

CH, 


CHj 

_c-o-OH: 

I 

CH, 


c)  Decomposition  of  the  hydrogen  peroxide  isopropylbenzene  (by  boiling  in  dilute 
sulfuric  acid  under  pressure)  into  phenol  and  acetone: 


CHj 

C  -  0  -  OH  -»  OH  +  (CH,),  CO. 

\=i-/  J 

CH, 


Synthetic  and  coal-derived  phenols  contain  cresols  and  other  inqourities .  Phenol 

designed  to  yield  trinitrophenol  should  be  a  colorless  or  slightly  pink  crystalline 

product  with  a  freezing  point  at  not  less  than  37°. 

Phenol  and  water  are  mutually  satisfactorily  soluble  (Fig. 59).  The  critical 
solution  is 

temperature  of  iRidDUdMI  68.3°  above  which  phenol  and  water  will  mix  in  any  ratios. 


Upon  long  contact  with  the  air,  phenol,  undergoing  oxidation,  acquires  a  reddish  tint. 
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and,  upon  absorption  of  moisturs  from  the  air,  liquifies 


17b 


Phenol  is  weakly  acid,  and,  upon  reaction  vrith  bases,  yields  salts  called 
phenolates 

jontaarimg .  Thus,  for  example,  it  dissolves  readily  in  aqueous  solutions  of  caustic 
soda  and  caustic  potash  with  formulation  of  phenolate  in  accordance  with  the  following 
equation 

C,H,OH + NaOH  —  C,H,ONa  +  H,0. 

Phenol  does  not  react  with  soda. 

In  working  with  phenol,  it  must  be  borne  in  mind  that  it  Is  highly  poisonous  and 

heal 

moreover,  tends  to  oat  away  the  skin  upon  contact,  and  causes  ulcers  that  KJUU^  with 
difficulty. 

Phenol  is  considerably  more  reactive  than  benzene  and  toluere.  It  undergoes 
sulfonation  and  nitrates  readily.  Nitration  with  weak  nitric  acid  is  an  autocatalytic 
process  and  is  caused  by  the  formation  of  nitrous  acid  as  the  product  of  secondary 
reaction  (Bibl.189). 

When  phenol  is  nitrated  with  nitric  acid,  a  mixture  of  orth^  and  para-nitrophenols 

results.  The  temperature  at  which  nitration  occurs  SX  affects  the  composition  of  the 

nitrophenols,  and  increase  in  temperature  increases  yield  of  the  ortho-i3omer(Bibl.l90). 

The  reaction 

nUUmSK  goes  analogously  when  a  mixture  of  sodium  or  potassium  nitrate  a«l  dilute 
sulfuric  acid  is  employed  for  nitration  (Blbl.191).  Meta-nitrophenol  does  not  come 
into  being  upon  direct  nitration  of  phenol,  and  its  production  is  usually  frcm 
meta-nltroanlline  via  the  diazo  compound. 

Table  57  presents  certain  properties  of  nitrophenols. 

a 

As  we  see  from  Table  57,  ortho>nltrophenol  differs  from  the  meta-  and  ywmTiCtfayKMm 
para-nitrophenols  by  the  coloration  of  the  crystals  and  the  sharp  odor.  Moreover, 
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T»bl«  57 


Chemical 

Melting 

Point, 

oc 

Boiling  1 

Point, 

oc 

Appearance 

Ortho-nltrophenol 

1 

214.5 

Yellow  crystals  having  a  sharp  odor 
similar  to  that  of  nitrobenzene 

Meta-nitroph«nol 

1 

96 

i 

194  at 

70  mm  Hg 
(with 

sublimation) 

Colorless,  odorless  crystals 

Para-nltrophenol  j 

114 

— 

Colorless  crystals,  but  a  solution  in 
alkali  is  colored  yellow 

as  distinct  from  other  isomers,  it  is  readily  distillable  by  steam.  The  cause  of  the 
coloration,  accordinj'  to  Hantsch,  is  the  tendency  of  ortho-nitrophenols  to  form  acf 
forma: 


C«H,< 


o 

NOOII, 


having  a  quinoid  structure 


0 

II  o 


OH 


Phenols  can  be  nitrated  directly  only  by  highly  dilute  acids.  This  is  difficult 
unprofitable 

and  technical  point  of  view.  Nitration  of  phenol  by  a  mixed  acid 

even  of  mldUie  strength  (total  acidity  70  -  75^)  is,  however,  virtually  Impossible,  as 
the  high  reaction  velocity  and,  as  a  consequence,  the  rapid  liberation  of  heat  results 
in  oxidation  and  resinification.  To  prevent  these  processes  from  taking  place,  the 
phenol  is  first  sulfonated,  to  yield  a  less  reactive  compound  -  phelK>l  sulfonic  acid. 
Moreover,  the  nitration  of  the  latter  NUCXX  results  in  a  lesser  thermal  effect  than  the 
direct  nitration  of  phenol. 

Sulfonatlon  of  phenol.  Vfhen  phenol  is  acted  upon  by  sulfuric  acid,  one,  two,  and 
sometimes  three  hydrogen  atoms  of  the  sulfo  group  may  be  replaced  in  its  molecule.  The 
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numbir  of  •pt«rijig  sulfo  'groups  depends  primarily  upon  ihe  strength  and  a«6unt  of  acid 
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and,  to  a  lesser  degree,  upon  the  temperature  and  reaction  time. 

^  I  ' 

In  accordance  with  the  reaction  equation 

QHtOH  +  HjSO^  C6H4(0H)(S03H)-f  HjO 

the  aulfonation  proceas  accompanied  by  the  formation  of  water,  which  dilutes  the 
sulfuric  acid  and,  moreover,  is  reversible  (Bibl.192).  In  accordance  vrith  the  most 
SiQik  recent  studies  (Bibl.193),  the  active  sulfonating  agent  in  aqueous  sulfuric 
acid  is  the  monomer  of  sulfuric  anisydride  (SO3)  or,  possibly,  the  sulfate  solvate 
thereof,  and,  in  oleum,  also  the  dimer  of  sulfur  tric/xida  (S2O5)  which  is  present 
there  in  the  form  of  the  IHimOt  solvate  of  trisulfuric  acid. 

fhese  particles  are  formed  in  accordance  with  the  following  equations; 

2MjS04  ;  ^  S'Oj  +  HsOi’+HSO?: 

4H,S04  SA  +  SHjOHSHSOf  • 


Sulfonation  apparently  |0M  in  a  manner  similar  to  that  of  nitration,  in  two 


stages: 


ArH  +  SO3  ^  \ 


/H 


H 

SO3® 


Arj/  ■  -.Ar®SO?  +  H». 
SO® 


Melander  (Bibl.19^-)  found  that,  as  distinct  from  nitration,  sulfation  is 
accompanied  by  a  noticeable  hydrogen  isotope  effect:  in  the  sulfation  of  benzene  or 
bromobanzene  containing  tritium,  the  proton  is  displaced  by  weak  iiXiXXXiHiX  oleum 
somewhat  more  rapidly  than  is  the  tritium.  This  testifies  to  the  fact  that  the 
second  stage  Is  quite  slow  as  compared  to  the  Inverse  direction  of  the  first  stage.’ 


The  velocity  constants  of  the  ! 


iro lysis, 

and  as  a 


3Wf 


179  consequence  thereof,  mC  the  equilibrium  KHt  constants  depend  upon  the  strength  of 

the  sulfuric  acid  (Bibl.195). 

\ 

With  reduction  fn  the  strength  of  the  sulfuric  acid,  the  sulfonation  velocity 
constant  diminishes,  and  the  velocity  constant  of  hydrolysis  increases,  although  in 
leas  marked  fashion.  In  this  case,  the  equilibrium  constant  also  diminishes.  As  a 
consequence  of  the  significant  diminution  in  the  sulfonation  velocity  constant,  the 
reaction  virtually  ceases  at  a  particular  concentration  of  the  sulfonatiag  agent. 

This  strengt  1  cf  sulfuric  acid,  expressed  in  per  cent  of  SO3,  has  come  to  be  denoted 

'■  ( 

as  tne  n  iUilZWUmiU  of  sulfonation.  '' 

The  value  of  the  n  of  sulfonation  depends  upon  the  nature  of  the  compound  being 
sulfonated,  upon  the  temperature  and  degree  of  sulfonation,  i.e.,  upon  the  number  of 
sulfo  groups  entering. 

The  quantity  of  sulfuric  acid  or  oleum  x  (in  kg),  required  for  monosulfonation 
IK  of  p  kg  of  organic  aubstauoe  iOKlUlXl  with  a  moleculiU'  weight  of  M,  may  be  computed 
on  the  equation 

.  80(100- «)-g 

(S-b).A)  ’ 

where  S  is  the  total  concentration  of  SO3  in  the  initial  sulfonating  agent.  It  is 
clear  from  the  formula,  that  the  higher  the  concentration  of  SO3  the  initial  sulfonating 
agent,  the  lower  the  quantity  thereof  required  for  sulfonation, 

Tne  n  of  sulfonation  may  be  reduced  by  increasing  the  reaction  time  and,  particularly, 
by  increasing  the  sulfo  acids  content  of  the  reaction  mass.  These,  undergoing  hydration, 
are  bound  by  the  water  of  reaction  (Bibl.196), 

For  the  monosulfonation  of  phenol, n “  55%  SO3,  for  disulfonation,  it  is  6S%  803, 
and  for  trisulfonation  it  ia  81*6^  SO3.  In  all  three  cases,  the  tenq^erature  at  which 
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179  th«  BMittrinl  ia  held  haa  to  ba  120®  (Bibl.197).  ’ 

In  chooaing  the  strangth  of  tha  aulfonating  agent  and  the  teaiperatura  of 
aulfonatlon,  one  muat  taka  into  conaidoratlon  the  poaaibility  that  aide  proceaaes 
will  occur.  Tha  employment  of  a  aulfonating  agent  of  high  strength  (containing 
free  3O3)  may  result  in  the  formation  of  aulfones: 

ArSOjIl  +  HAr  -  ArSOjArfHjO, 

180  the  obtaining  of  which  ia  facilitated  by  the  presence  of  the  sulfonic  acid,  which  is 
already  quite  considerable  in  quantity,  and  by  high  temperature. 

The  high  temperature  of  sulfonation  may  also  induce  oxidation.  This  is  facilitated 
by  certain  ILXX  catalysts  such  as  Hg  and  Se  (Bibl.198).  In  sulfonation,  the  oxidizing 
effect  is  manifested  both  in  the  formation  of  oxy  compounds,  and  in  far-reaching 
changes  that  may  include  the  combustion  of  organic  substances. 

The  temperature  at  triiich  the  sulfonation  process  occurs  HX  affects  the  position 
of  the  sulfo  group  entering  the  compound.  When  sulfonation  occurs  in  the  cold,  the 
sulfo  group  enters  in  the  ortho  position.  When  it  occurs  at  100°,  the  sulfo  group 
enters  in  the  para  position.  The  heating  of  ortho-phenolsulfonio  X  oxide  at’  100° 
converts  it  to  para-phenolsulfonic  oxide.  This  fact  is  made  use  'of  in  production  of 
picric  acid.  Inasmuch  as  para-phenolsulfonic  oxide  nitrates  at  higher  speed 

than  ortho-phenolsulfonic  oxide  (Bibl.199),  ee  a  consequence,  when  phenol  is 
sulfated,  the  sulfo  mass  is  held  at  100  -  110°  irtien  the  process  comes  to  an  end,  for 
the  purpose  of  converting  ortho-phenolsulfonic  acid  into  para-phenolsulfonic  acid. 

The  heat  effect  of  reaction  of  sulfonation  of  aromatic  conqoounds  is  less  than 

the  effect  of  the  nitration  reaction.  From  this,  we  are  able  to  understand  the 

convertibility 

reversible  nature  of  the  sulfonation  reaction,  and  the  mutual  MHIlBlHCmn  of  the 
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IsoBwrs  of  th«  sulfonic  Acids,  as  well  as  the  possibility  of  ready  substitution  of* 


the  sulfo  groups  by  the  nitro  groups. 

The  is«nerization  of  the  sulfonic  acid  is  sjqslalned  by  the  fact  that  the  ortho- 
isomer  is  less  stable  to  hydrolysis  than  the  para-lsomeh.  However,  inasmuch  as  the 
rata  of  sulfonatlon  is  high  in  the  ortho-position,  when  iemperature  is  •  i>  ■■ 
primarily  this  isomer  that  is  formed.  When  temperature  rises,  the  ortho-isomer 
undergoes  hydrolysis,  and  the  para-isomer  is  simultaneously  formed.  Under  these 
circumstances,  it  does  not  undergo  hydrolysis  (Bibl.195). 

Tables  58  and  59  illustrate  the  effect  of  the  strength  of  the  sulfuric  acid,  iSX 
the  length  of  jOiTTiagynUfy  sulfonatlon  time,  and  of  temperature,  upon  the  yield  of 
phonoldisulfonic  acids.  In  £HX  all  the  experiments,  5  parts  sulfuric  acid  by  weight 
are  taken  per  part  of  phenol  by  weight  (Bibl.200), 


Table  58 


Percentage  Strength  of  K2S0^ 

1  92 

93 

94 

96 

97 

1  100 

Yield  of  disulfonic  acid  per  hr  at  100°,  %  | 

62 

66 

71  j  82  j 

91  j 

100 

Table  59 


Time, 
hrs  ' 

Fmrcentage  Yield  of  Phenol  Disulfonic  Acid 
when  Reacted  with  93^  H2S0/^,  at  OC 

75 

100 

150 

0.2S 

48 

SO 

0.5 

51 

65 

66 

1.0 

59 

66 

66,5 

2,0 

— 

68 

— 

4.0 

— 

68.5 

- 

Xt  is  evident  frcxn  the  data  adduced  that  the  best  conditions  for  producing  jHOHnnr 

a 

phenoldlsulfonlc  acid  are  a  temperature  approximating  100^,  and  a  sulfonatlon  time  XX 

e 

of  about  30  min. 
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An  lncr«M«  In  th«  tamparaturs  to  150^  has  virtually  no  affect  upon  the  yield  of 

disulfonic  phenol,  but,  at  the  same  time,  It  results  in  the  formation  of  sulfpnes- 

* 

(Bibl.201). 

When  phenol  is  heated  nrlth  ten  times  the  quantity  of  20%  oleum  at  120®  for  three 

hours,  a  mix^rure  of  the  iJOiX  di-  and  irisulfonic  acids  of  phenol  is  produced  (Bibl.202). 

•  • 

The  sulfonatlon  of  phenol  by  20%  oleum  results  in  the  formation  of  2,4-  and  .1,6- 


disulfonicphenol  and  partially,  of  trisulfonic^shenol,  2, 6-Disulfonic phenol  readily 
isomerizes  at  100  -  110°  to  2,4-disulfonic^henol.  Therefore,  in  the  manufacturing 


manufacturing 


of  phenol 

process,  vrhen  sulfonation/comes  to  an  end,  it  is  held  at  100  -  110°,  vrith  the  object 
of  converting  the  2,6-disulfoni^phenol  to  the  2,4-isomer,  which  then  Mi  imdergoes 
freer  nitration. 

The  sulfo  derivatives  of  phenol  usually  are  not  separated  from  the  sulfo  mass, 


but  undergo  direct  nitration. 


In  the  pure  form,  the  sulfo  oxides  of  phenol  are  colorless  crystals,  which  acquire 

a  reddish  tint  in  air.  They  have  MMiXM  no  characteristic  melting  and  boiling  points, 

and,  when  heated,  decompose  with  carbonization.  Sulfonic  acids  readily  dissolve  in 

water.  They  are  strong  acids  and  form  two  types  of  salts;  sulfonates,  in  which  the 

replaced 

hydrogen  of  the  sulfo  group  is  MljHHHUIH  by  a  metal,  and  phenolates,  in  which  the 


hydrogen  of  the  hydroxyl  group  is  replaced  by  a  metal. 


The  sulfo  group  is  readily  neutralized  even  by  carbonates.  However,  the  hydroxyl 
group  in  the  monosulfonic  acids  is  neutralized  with  difficulty  by  carbonates. 

The  acid  properties  of  the  sulfonic  acids  of  phenol  increase  in  the  following 
sequence:  meta-,  para-,  ortho-phenoldisulfonlc  acids.’  Their  susceptibility  to 


hydrolysis  diminishes  in  the  same  order. 
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Mltratlon  of  aulfonlephanol.  This  procsss  goas  conaidarably  more  quietly  than 


f 

the  nitration  of  phenol,  and  is  capable  of  being  affected  by  mixed  sulfuric  and  nitric 
acid.  The  stability  of  phenol  vdth  respect  to  oxidizers  increases  when  electrically 
negative  groups  are  present  in  the  molecule.  Therefore,  when  the  degree  of  sulfonation 
of  phenol  is  Increased,  the  yield  of  nitro  derivatives  rises,  and  the  intensity  of  the 
oxidizing  processes  diminishes. (Bibl, 197,  200). 

In  dilute  sulfuric  acid,  nitric  acid  exercises  BgXgHIIK  an  oxidizing  effect 
at  elevated  temperature,  as  a  consequence  of  which  oxalic  acid  is  formed.  Oxidation 
goes  the  more  noticeably,  the  less  the  degree  to  which  the  phenol  ring  is  protected  by 
substituting  groups.  nMjxxgmitwtxfisTmxwlyyjQMioaautt 

King  has  shown  (Bibl. 199)/  thatjwhen  nitric  acid  acts  upon  phenolsulfonic  acid 
in  the  presence  of  excess  strong  sulfuric  acid,  the  h\’drogen  in  the  ring  is  replaced 
by  a  nitro  group.  In  the  presence  of  dilute  sulfuric  acid,  the  sulfo  group  is  replaced 
by  nitro  groups. 

The  Introduction  of  the  nitro  group  may  be  expressed  by  the  following  diagrams: 


UH 


HO, 

Consequently,  when  three  nitro  groups  are  introduced  into  the  phenol  molecule, 
the  most  advisable  procedure  is  to  sanploy  those  regularities  of  the  process  in  the 

%9 


■  following  order: 


OH 


OH 


1  p  SOjH  concen-  OjN[^\— SO^H 

I  I  -t-HNO, - -  ’ll-  ’  4-H,0: 

trated  -  \/ 


SOjH 


SO3H 


OH 

( 

O3N-  j  ^|-SO,H 
\ 

SO,H 


OH 


dilute  0,N-,'^^-Nf 


-i-2HNOj  j-no, 

NO, 


-f-2H,S04. 


In  this  case,  no  acid  circulation  is  required  in  the  production  of  picric  acid 
from  phenoldi^sulfonic  acid.  The  most  concentrated  mixed  acid  is  required  at  the 
beginning  of  the  process  for  the  purpose  of  introducing  the  first  nitro  group. 
Subsequently,  the  nitro  mixture  is  diluted  by  water  as  a  reaction  product,  rendering 
the  medium  more  favorable  to  substitution  of  a  nitro  group  for  the  sulfo  group.  If 
the  nitration  process  Is  properly  set  up,  it  vd.ll  go  under  the  most  favorable 
circinnstancesj  a  homogeneous  medium,  thanks  to  the  good  solubility  of  sulfonic  acids 
aiid  their  nitro  derivatives  in  sulfuric  acid.  At  the  end  of  the  process,  crystals 
of  a  considerably  more  difficultly-soluble  trinitrophenol  vdll  come  dovm, 

Dieulfophenol  nitrates  at  a  lower  rate  than  does  phenol,  and  is  more  stable  vdth 
respect  to  oxidizing  processes.  NeveHheless,  oxidation  does  occur  upon  nitration. 

To  reduce  it,  the  temperature  is  held  at  not  over  60®,  in  the  introduction  of  the 


first  nitro  group. 

In  the  first  stage  of  nitration,  upon  addition  of  1  mole  HNO3  to  mole  of 
disulfonic  phenol,  nltrodisulfonicphenol  is  formed: 

C,H,(SO,H),OH  +  HND,  -  C,H,(N0,)(S0,H)j0H  +  H,0. 

e 

« 

The  IcnsgUMHiX  6-nitro-2,4-dl8ulfonic|phenol  isomer  is  produced,  as  the  bulk  of 


182  th«  tulfonl^bcnol  consists  of  2,4-dlsulfonldphsnol.  A  certain  quantity 'of  4~nitro- 

I  ,  • 

2,6-di8ulfoni^phsnol  is  also  fomsd  from  the  2,6-di8ulfoniophenol  present  in  the 
eulfo  mass. 

The  effect  of  the  second  l|8  molecule  of  HNO^,  le  that  the  SO3H  group  is  replaced 
by  an  NO2  group,  and  the  two  following  isomers  of  .dinitrosulphonic  phenol  result: 


OH 


and 


OH 

I 

OsN-j  ''1-SO3H 

\/ 


SO3H 

1 


NO, 

II 


Both  these  isomers  are  formed  from  6-nitro-2,t-di8ulfoaicphenol,  the  forr-jr  ismner 
predominating.  However,  the  4-nitro-2,6-disulfoniphenol  isomer  yields  only  4,6-dinitro- 
2-sulfonicph«nol.  The  formation  of  4,6-dinitro-2-sulfoniophenol  is  undesirable,  as  its 
further  nitration  goes  only  with  difficulty.  This  is  not  to  be  avoided  completely,  but 
the  quantity  diminishes  as  a  consequence  of  conversion  of  2,6-disulfonicphenol  inS 
2,4-di8ulfonicphenol  by  holding  the  sulfo  mass  at  ICX;  -  110®  for  some  period. 

With  further  nitration,  both  isomers  of  dinitro-sulfonicphenol  converts  to 
picric  acid,  in  accordance  with  the  equation: 

C,H,(NO,),(SO,H)  OH  +  HNO,  -  CeH,(N0,),0H  +  H,S04. 

The  second  nitro  groiq>  enten  at  60  -  80®,  and  upon  the  introduction  of  the 
third  nitro  group,  the  temperature  rises  to  100®.  The  mljcture  is  held  at  the  same 
ten^erature.  The  high  teBq>eraturo  of  the  nitration  process  results  in  a  consideraft^le 

183  oxidation  of  nltrcyhenols  to  oxalic  acid,  which  Increases  the  consumption  of  nitric 

nitro  products.  " 

acid  by  20  >  25%,  and  substantii^ly  reduces  the  yield  of  iHMjHmnnronnc 

The  need  to  perform  nitration  at  high  tesqserature  is  induced  by  the  difficulty 
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In  converting  4,6-dinltrophenol-2-iulfonirf  acid  to  the  trlnitroaderivitive*  The 
Inooa^lete^denltrated  product  reduce#  the  yield  of  picric  acid  and  reduces  its  quality, 
inasmuch  as  it  is  not  possible  to  separate  it  completely  frMB  the  nitric  acid  by  washing 


with  water. 

In  the  production  of  nitro  compounds,  it  is  desirable  to  replace  oleum  by 
commercial  sulfuric  acid,  as  this  makes  it  possible  to  set  up  a  closed  acid  circulation. 
After  regeneration,  the  spent  acid  is  reconverted  to  commercial  sulfuric  acid,  which  may 
again  be  used  for  sulfonation'  of  the  phenol.  In  connection  therewith,  a  process  for  the 
preduction  of  picric  acid  without  oleum  was  investigated,  consisting  of  the  following:: 
sulfonation  is  carried  out  by  adding  91  -  91.3?  commercial  sulfuric  acid  to  the  molten 
phenol  at  AO®,  in  a  period  of  5  -  7  min.  The  temperature  rises  at  first  as  a  consequence 
of  the  heating  reaction,  and  is  then  brought  to  100  or  110®  on  an  oil  bath,  and  allowed 
to  stand  at  that  level.  The  resultant  sulfonicphenol,  consisting  of  a  mixture  of  mono 
and  disulfonic  derivatives,  the  composition  of  which  ie  indicated  in  Table  60,  is 


nitrated  by  melange  to  trlnitrophenol. 


Table  60 


«) 

j  1 

2 

1  ^ 

4 

5 

j  6 

1  7 

8 

9 

b) 

10 

10 

20 

20 

30 

30 

40 

40 

60 

1 

C) 

mono* 

74.7 

44,4 

- 

43,5 

58,0  j 

44,2 

1 

57,3  1 

40,7 

- 

di- 

25,3 

1  55,6 

1 

- 

56,5 

i 

42,0 

55,8 

42,4 

59,3 

- 

mMo* 

- 

33,5 

- 

29,9 

- 

'  30,8 

1 

1 

- 

28,6 

di- 

1 

- 

66,5 

- 

70,1 

- 

69,2 

- 

- 

71.4 

Note.  In  experiments  1,3>5,  wd  ?•  the  temperature  maintained  was  100®;  and 
in  experiments  2,4, 6, 8,  and  9,  was  110®.  • 

a)  Experiment  number;  b)  Holding  time,  min;  c)  Composition  of  the  sulfoniophsnol,  in  ?, 
at  a '1:5.4  ratio  of  phenol  to  sulfuric  acid;  d)  Percentage  con^josition  of  sulfonicphenol 
at  li7.5  ratio  of  phenol  to  sulfuric  acid 
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183  tn  ordar  to  hold  constant  the  fuount  of  sulfuric  acid  produced  In  nitration,  and 

‘thereby  to  ellsdnate  the  effect  of  other  factors  upon  the  yield  of  picric  acid,  the 
\  * 

8ulfonio|phenol  produced  is  diluted  in  the  cold  by  coranercial  sulfuric  acid.  After 
nitration,  the  spent  acid  contains  77.8$  lulfuric  acid.  IX  Under  these  conditions, 
the  yield  of  picric  acid,  regardless  of  the  degree  of  sulfonation,  is  identical,  and 
comes  to  83  -  84$  of  the  theoretical.  Consequently,  the  nitrability  of  monosulfonicjphenol 
upon  identical  acidity  of  the  medium  is  the  sane  as  that  of  disulfoniophenol.  This 
oircumstanoe  compels  one  to  assume  that  the  factor  influencing  the  yield  of  picric 
acid  is  not  so  mTich  the  degree  of  sulfonation  as  the  strength  of  the  nitrating  mixture. 
Consequently,  SX  in  the  production  of  picric  acid,  oleum  may  be  replaced  by  cOTimercial 
sulfuric  acid,  if  we  take  the  ratio  of  phenol  to  sulfuric  acid  monohydrate  as  1;7.5. 

This  does  not  require  the  dilution  of  the  sulfo  nsss  by  commercial  sulfuric  acid,  as 
is  the  case  in  sulfonation  with  oleum. JX 

b)  Production  of  Trinitrophenol  from  Benzene  via  Dinitrochlorobenzene 

The  production  of  trinitrophenol  from  benzene  requires  several  stages,  TXlimtntjf 
in  accordance  with  the  following  equations. 

1.  Chlorination  of  benzene  to  chlorobenzene: 

QH,  +  CI,  -  Cell.Cl  +  HCl. 

184  When  benzene  is  chlorinated.,  the  result  is  not  only  monochlorobenzene  but 
polychlori^Uir.  There  is  also  a  part  of  the  benzene  that  does  not  go  into  the 
chlorination  reaction,  and  therefore  the  liquid  obtained  In  chlorination  is  to  be 

divided  by  distillation,  in  order  to  emerge  with  cooqcaratlvely  pure  monochlorobenzene. 

J  "  • 

2.  Nitration  of  monochlorobenzene  to  dinitrochlorobenzene  by  fixed  sulfuric  and 

nitric  acid; 
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m 


C,H,CI + 2HN0,  (NO,),  Cl  +  2H,0. 

3.  Si^jonlflcation  of  dlnliroehlorobenzens,  to  sodium  dinltrophenolate! 

C,H,(NOs)5Cl  +  2NaOII  -  C,H3(N0j),0Na  +  H,0  +  NaCI. 

4..  Production  of  dinitrophenol  by  treatment  of  sodium  dinitrophenolate  by 

»  * 

sulfuric  acid: 


2C,H3(NO,)sONa  +  ILSO,  -  2CsH3(NO,),OH-f  NajSO,. 

5.  Nitration  of  dinitrophenol  to  trinitrophenol  by  mixed  sulfuric  and  nitric  acid: 

C,H,  (NO,), OH  +  HNOj  CsH,  (NO,),  OM  +  H5O  + 12,9  Kcai  /  m.u 

The  polychlorides  obtained  as  by-products  in  the  chlorination  of  berizene  are 

purified  and  employed  for  the  production  of  4/^9,  and  the  hydrogen  chloride  liberated 

is  trapped  by  water  and  used  to  produce  hydrochloric  acid.  Chlorination  of  benzene 

is  performed  by  gaseous  chl.>rine  in  the  presence  of  a  catalyst  -  iron  chloride,  the 

strength  of  which  in  the  benzene  should  be  0,01  -  0.015%»  The  iron  chloride,  liMX  may 
either  be  introduced 

KlfmjjlltyiiTXIHmDS  into  the  benzene  deli-'@r'Jd  to  chlorination  or  produced  directly 
in  the  reactor.  To  accomplish  the  latter,  iron  is  placed  in  the  reactor,  and  is 
converted  to  FeCl3: 

2FC  +  3CI,  -  2FeCl3. 

In  accordance  with  modem  concepts,  the  catalyst  promotes  the  formation  of 
positively  charged  ions  of  chloride  in  accordamce  with  the  following  mechanism 


{Bibl.203) 

FeCl3  +  CI,  ^  FcClf  +  Cl*. 

The  Cl®  ion  reacts  subsequently  with  the  aromatic  conqjounde: 


i 


^  \ 

H-C  C-H 

I  II  +  Cl® 
H-C  C— H 
>  / 

C 

I 

H 


H 
I 

C  Cl 
\  / 
H-C  C  — H 

IS 

C  — H 

/ 


I 

H-C 


u 

I 

H 


H 

I 

C 

\ 

H-.C  C-Cl 

I  II  +  H». 
H-C  C-H 

^  /  • 

C 

I 

H 
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la!).  Th« 'proton  roacts  with  rtcovoring  th«  catalytlcally  «otiv«  salt  F«Cl3,  ^ 

foralng  hydrogan  'chlorlda: ; 

FeCif +  H®  FeCI,  +  HCI. 

In  accordance  with  the  mechanlem  presented,  the  catalyst  acts  only  upon  the 
chlorine.  However,  the  action  of  the  catalyst  upon  the  aromatic  compound  Is  also 
possible.  This  is  testified  to,  in  part,  by  the  effect  of  the  nature  of  the  catalyst 
upon  the  ratio  between  the  chlorine  derivative  isomers. 

185  When  benzene  is  chlorinated  in  the  presence  of  iron  chloride,  the  process  goes 

in  the  direction  of  formation  of  chlorobenzene  only  at  the  very  beginning: 

QI  I„+CI,  -  CjMsCI  +  HCl. 

but  later,  the  chlorobenzene  formed  converts  to  dichlorobenzene: 

QJUCI  +  CI,  -  QH^Clj+HCl. 

The  yield  of  chlorobenzene  (in  terms  of  benzene)  apprcximutes  100?  at  the  onset 
of  chlorination.  As  the  reaction  progresses,  it  continually  declines,  inasmuch  as, 
as  the  con  entration  of  chlorobenzene  increases,  the  rate  of  conversion  thereof  into 
dichlorooenzene  becomee  greater  than  the  rate  of  formation. 

To  avoid  the  formation  of  a  large  quantity  of  polychlorides,  it  is  desirable  to 
stop  the  chlorination  reaction  when  the  concentration  of  chlorobenzene  attains 
32  -  50?.  In  this  situation,  the  polychlorides  formed  constitute  not  more  than  5% 
of  the  resultant  monochlorobenzene  by  weight. 

The  chlorination  reaction  is  monitored  by  determining  the  specific  gravity  of  the 
reaction  mixture. 

The  tsBiperatiu'e  of  chlorination  influences  the  fonnation  of  polychlorides.  The 
teig>orature  coefficient  of  the  chlorination  rate  of  benzene  is  8  or  9?  lower  than  that 
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of  ehlorobmiBone.  Tharoforo,  with  ineraaae  in  tan^aratura  of  chlorination,  niora 
polychlorldaa  ara  formad. 

Praviously,  the  chlorination  process  was  carried  out  by  a  batch-vrise  method  at 
20~-  250.  Today,  chlorination  is  performed  by  a  continuous  method  at  the  boiling  point 
of  the  reaction  mixture  (76  -  83®)*  This  makes  for  intensive  loss  of  heat  of  heaction 
due  to  partial  evaporation  of  benzene  and  chlorobenzene  from  the  boiling  mass. 

Inasmuch  as  the  chlorination  reaction  is  exothermic  (about  28  kcal  are  released  per 
mole  of  chlorine),  the  output  rate  of  chlorators  depends,  for  all  practical  purposes, 
upon  the  rate  at  which  heated  reaction  is  removed.  Therefore,  chlorators  MX  that 
function  under  conditions  of  boiling  of  the  reaction  mixture  show  a  higher  rate  of 
output  than  the  ordinary  type. 

For  purposes  of  chlorination,  the  benzene  and  chlorine  should  be  as  dry  as  possible, 
as  the  *”  ■  chloride  formed  in  reaction,  upon  dissolving  in  water,  rapidly  decomposes 

the  oatalys*  and  the  apparatus. 

Drying  of  the  benzene  is  usually  performed  by  means  of  azeotropic  distillation, 
and  drying  of  the  chlorine  by  passing  it  through  sulfuric  acid.' 

ChJcrobenzene  is  separated  from  the  chlorinated  benzene  by  distillation,  which 
presents  no  groat  difficulties  in  view  of  the  great  difference  in  the  boiling  point 
the  components,  constituting  chlorinated  benzene:  80.4°  for  benzene,  132°  for 
chlorobenzene,  and  172  -  ISO®  for  polychlorides.  Prior  to  distillation,  the  chlorinated 
benzene  is  treated  with  dry  soda  or  lioestonf,  followed  by  filtration.  This  Is  necessary 
in  order  to  remove  hydrogen  chloride,  which  may  iniuce  corrosion. 

Chlorobenzene  (aonochlorobenzene)  consists  of  a  colorless,  mobile  liquid  smelling 
•  • 

of  almonds  <  It  is  not  soluble  in  water,  but  dissolves  well  in  alcohol,  ether,  benzene. 


185  ohlorofom,  and  carbondiaulflda.  Th«  boiling  point  of  chlorobansane  it  132, 29; 
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tha  fraMtog  point  is  45*2°;  apaeifie  gravity  is  1.106  gn/em^  at  25°.  The  taaqssrature 

is  0.31  kcal/kg/®C.  Chlorobonasna  is  hot,  and  amits  hydrogen  chloride  when  heated. 

Its  chemical  activity  is  lower  than  that  of  the  halide-substituted  hydrocarbons 

of  the  aliphatic  series.  Chlorobenzene  reacts  with  ammonia  only  when  heated  in  an 

Strong 

autoclave  to  180  -  200°  In  the  presence  of  copper  salts  or  pulverized  copper. lOtlXM 
aqueous  solutions  of  caustics  cleave  chlorine  away  from  chlorobenzene  only  at 
300°.  The  strength  of  the  bond  between  the  halide  and  the  ring  is  diminished 
upon  introduction  of  NO2  and  the  COOH  group  into  the  ring.  Chlorine  is 

activated  with  particularly  high  degree  by  these  groups  which  are  in  the  ortho- 
and  para-position  with  respect  thereto.  Chlorobenzene  is  slightly  narcotic. 

Table  61  presents  some  of  the  physical  properties  of  the  polychlorides,  which 
are  also  produced  in  the  chlorination  of  benzene. 

Table  61 

a) 


1,4  -diohlorobenzene  (para-) 
1^2-diohlorobenzene  (ortho) 

l,3-diohloroben8ene  (meta-) 

1.2. 3- trichlorobenzone 

1.2.4- trichlcrobonzene 
l,3,r-triohlorobenzene 

1.2.3. 4- tstraatalorebeiizens 

1 . 2. 3 . 5- te  trac  hloro benzene 

1.2.4. 5- t etrac  hlorobenzene 
Pentachlorobenzene 
Hexachlorobenzene 


bl 

1  .  c) 

i 

i 

1  d) 

1 

!  W.(ii)-53,2 

1 

j  171-174 

at  2(J°-1,3581 

:  M 

1  179 

at  19° -1,3039 

j  c) 

at  25° -1,283.5 

r.3-M 

212—219 

205  —213 

at  10°-1.574 

1  53,4 

208,5 

— 

j  45 — 48 

254 

1  50—51 

24(i  i 

— 

137—138 

236—246 

ot  175'’-!, 3958 

84-86 

275—276 

at  81°-1,609S 

(  222,5 

322—332 

at  203'’-l,5l9 

a)  Isomers;  h)  Melting  point,  °C;  c)  Boiling  point,  °C;  d)  Specific  gravity; 
a)  Freezes  in  a  mljaure  of  water  and  ice 


Nitration  of  chlorobenccne  to  dlnitrochlorobenzene  goes  in  two  stages.  First, 
the  first  nitro  group  is  introduced  at  a  taa^rature  of  45  -  50°.  The  result  of 


357 


nitration  is  a  mijcturs  of  ortho-,  para-,  and  meta-nitrochlorobsnzans.  Ths  formation 

•  it 

of  ths  msta-isomsrs  is  undssirabls,  as  upon  further  nitration, /converts  to 
asyimetrical  trinitrophenol.  The  yield  of  meta-isomer  depends  upon  tesiperature. 

The  higher  the  temperature  of  nitration,  the  higher  the  yield  of  meta-isomer. 

Certain  of  the  physical  properties  of  nitrochlorobenzene  are  presented  in 
Table  62. 


Table  62 


0) 

w- 

! 

Freezing 

32,5 

245 

46,0 

83,0 

nXXXXI  point,  in  °C 

235 

242 

Bolling  point,  in.°C 


a)  Nitrochlorobenzene  isomers;  b)  Ortho-;  c)  Meta-;  d)  Para- 

dinitrochlorobenzene 

Nitrochlorobenzene  is  subjected  to  further  nitration  to 

at  75  -  80°.  2,4-dinitrochlorober.’iene  (or  a_)  ig  a  virtually 

colorless  crystalline  substance  with  a  freezing  point  of  53»4°.  The  2,6-  or 

e-isomer  freezes  at  43.2°,  and  the  3»5-,  or  Y-isomer,  at  27°.  The  technical 

product  consisting  chiefly  of  XX  a-isomer  has  a  freezing  point  of  46  -  47°, 

Inasmuch  as  it  contains  impurities.  The  chief  impurities  are  2,6-  and 

3,5-dlnitrochlorobenzene,  as  well  as  the  ortho-,  para-,  and  to  some  degree,  the 

meta-nitrochlorobenzenes,  and  3,4-dinitro-l-chlorobenzene.  The  quantity  of  the 
temperature 

latter  depends  upon  the  HKlOHi  conditions  of  the  first  stage  of  nitration.  The 
higher  the  temperatwe  of  the  first  stage,  the  greater  the  yield  of  the  undesirable 
3 ,4-d lnltro-1-c  hlorobenzene . 


In  addition  to  the  laqjurities  cltsd,  dinitrochlorobenzcne  contains  considerably 


quantltlaa  of  dinitrobansana  and  nitropolyehloridos.  Thaaa  laqsurltlaa 
187  ara  formed  in  the  nitration  of  baneane  and  ti.e  polycljlorides  contained  in  the 
initial  chlorobenzene. 

■ 

Dinitrochlorobenzene  is  virtually  insoluble  cold  water  and  is  slightly 
soluble  in  hot  water.  100  gms  of  water  dissolve  the  following  quantities  of 
dinitrochlorobenzene,  in  gms: 

at  15. 
at  50* 
at  100° 

Its  solubility  in  35?  sulfuric  acid  (in 


at  20“ . about  1,7 

at  50*  . about  4,0 

at  70“ . about  6.5 


degree  of 

This/solubility  of  dinitrochlorobenzene  results  in  considerable  losses  thereof, 
inasmuch  as  the  spent  acid  contains  85?  sulfuric  acid.  These  losses  may  be 
eliminated  by  employing  acid  circulation,  i.e.,  by  utilizing  the  spent  acid  in 
the  first-stage  nitration. 

Table  63  presents  the  solubility  of  dinitrochlorobenzene  in  organic  solvents. 


0,0008 

0,0410 

0,1  R90 


Tabl«  63 


al 

b) 

IS 

3l)  1 

50 

Ethyl  alcohol  1 

S.2 

18,8 

Methyl  alcohol  j 

11.2 

32,3 

- 

Ethyl  other 

1  23,5 

128,3 

t 

Chloroform 

102,7 

119,4 

297,5 

Ethyl  acetate 

139,9 

282,5 

— 

Toluene 

153,1 

339,5 

— 

Benzene 

267,9 

— 

531,0 

Acetone 

a)  Solvent;  b)  Solubility,  gns  (per  100  gms  of  solvent)  of  dinitrochlorobenzene, 
at  the  following  temperatures,  °C 


^  mixture  of  dinitrochlorobenzene  and  strong  mixed  acid  is  heated  for 
12  hrs  at  130‘ ,  the  result  is  picryl  chloride,  with  a  yield  of  85%  of  theoretical 
(Bibl.20!*). 


Dinitrochlorobenzene  is  'eadily  saponified  by  bases,  and  forms 

dinitrophenolates.  When  it  is  saponified  in  the  presence  of  alcohols,  the 

consequence  is  ethers,  such  as  dinitrophenetol,  dinitroanisole  etc. 

In  working  with  dinitrochlorobenzene,  it  must  be  borne  in  mind  that  its 

workshops 


fumes  are  powerful  irritants  of  the  mucous  membrane, 
must  have  good  ventilation. 


and  therefore  the 


d;  ;3. 


2,/4^1nitro-l-ohloro):«nz8no  is  used  to  manufacture  sulfur It 
condenses  with  a  large  number  of  compounds  in  the  aromatic  series,  and  the 
condensation  products  produced  are  reduced  lay  sodium  sulfide  and  sulfur. 

As  MTWiMy  already  indicated,  2,4-dlnltro-l-chiorobenzene  is  saponified  by 
bases,  to  yield  sodium  dinltrophenolats! 

C,H,(NO,),a+2NaOH -*  C,H,{NO,),ONa->-Naa-f-H,0. 
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Th«  rMotton  goaa  it  high  vilocity  even  vrtien  weak  alkali  solutiona  are 

t 

employed.  The  ease  with  which  chlorine  is  substituted  for  by  the  hydro;xyl 

is  due  to  .the  presence  in  the  MMHiK  molecule  of  dinitrochlorobenzene,  of  tvo 

nitre  groups,  in  the  ortho-  and  para-positions  with  respect  to  chlorine.  The 

chlorine  atom  in  chlorobenzene  is  saponified  with  difficulty  by  bases  (the 

reaction  will  occur  in  an  autoclave  at  a  temperature  of  about  300°,  and  with 

strong  caustic  soda).  Introduction  of  the  nitro  group  into  chlorobenzene  activates 

the  chlorine  atoms.  Even  in  the  ortho-  and  para-nitrochiorobenzene,  the  chlorine 

atem  is  fairly  easily  exchanged  for  the  hj'droxj'l,  under  the  influence  of  a  base. 

IXk  A  nitro  group  in  the  meta-position  with  respect  to  the  chlorine,  does  not 

activate  it,  and  meta-nltrochlorobenzene  usually  does  not  saponify  a  caustic. 

The  saponification  reaction  of  2, A--dinitro- 1-chlorobenzene  is  accompanied  by 

the  emission  of  heat,  and  this  may  induce  a  pronounced  rise  in  temporaturve.  To 

avoid  processes  of  oxidation  and  possible  flare-ups,  the  saponification  of  XU 

2,4-<linitrochloroi..  •’zene  is  performed  at  100  -  105°  by  a  weak  aqueous  alkaline 

solution  (7%)  used  in  very  slight  OHMe  (1  -  2%)  over  the  theoretically  necessary. 

Certain  impurities  in  dinitrochlorobenzene  -  the  ortho-  and  jmmxjTStinmMgTKWiiKaaKK 

para-dinitrochlorobenzenes,  are  also  saponified  by  caustic,  and  convert,  HRS 

correspondingly,  to  ortho-  and  para-nltrophenolates,  which  subsequently  undergo 
picric 

transformation  to  |(S1&SIQBS3C  acid.  3,V“Dinitrochlorobenzene  reacts  with  caustic, 
but  this  is  accompanied  by  an  exchange  not  of  the  chlorine,  but  of  the  nitro  group 
in  the  meta-position  with  respect  to  the  chlorine,  for  hydroxyl,  the  consequence 
being  TXIfinUfTlilg  l-chloro-4-nitrobenzene,  in  accordance  with  the  reaction: 
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c= 

Cl 

/\ 

/\ 

I^Lno,+n*oh 

-1  L 
\/ 

NO, 

NO, 

0„+NaNO,. 


Subsaquently ,  upon  nitration  of  dinitrophenol  to  trinitrophenol,  this 
compound  dlminiaheo  the  quality  of  the  latter. 

As  already  indicated  above,  meta-nitrochlorobenzene  does  not  saponify,  but 
remains  in  the  dinitrophenoi  as  an  impurity.  Reduction  in  the  quantity  thereof 
may  be  achieved  by  increasing  the  period  of  time  at  which  the  reaction  mixture 
is  held  at  105°  toward  the  end  of  saponification,  the  meta-nitrochlorobenzene 
being  driven  off  by  steam  under  the  circumstances. 

Sodium  dinitrophenolate  is  readily  decomposed  ly  dilute  sulfuric  acid,  with 
liberation  of  dinitrophenoi,  in  accordance  with  the  reaction: 

t2C,H,(NO,),ONa  +  H,S04  -►  2C,H,(N0,),0H  +  Na,SO4. 

2,1;-Dlnitrophenol  is  a  crystalline  substance,  bright  yellow  in  color,  having 
a  freezing  point  of  112.5°,  and  a  specific  gravity  of  1.683  (at  24°).  The  freezing 
point  of  2, 6-dinit rophenol  is  62.5°.  The  2,4-lBomer  crystallizes  out  of  boiling 
water  in  the  form  of  small  platelets  or  in  the  form  of  pale  yellow  or,  sometimes, 
completely  colorless  needles.  When  carefully  heated  at  70°,  dinitrophenoi  undergoes 
slow  volatilization.  It  can  also  be  driven  off  with  water  vapor.  Its  solubility 
in  100  gms  of  water  is,  in  grams: 

^ .  0,014 

«  0,807 

.  4,78 
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The  solubility  of  dinltrophenol  in  organic  solvonta  is  illustrated  in 
Table  £4. 

Dinitrophenol  is  acid  in  its  properties  and  reacts  with  metals,  oxides 
thereof,  and  carbonate  salts,  to  yield  dinitrophenoiates,  which  are  less 
sensitive  than  the  corresponding  picrates.  With  bromine, dinitrophenol  forms 
dlnltrobrcHnophenol,  melting  point  119°. 

Dinitrophenol  is  very  toxic.  It  is  essential  that  health  and  safety  rules 
be  adhered  to  when  working  with  it. 

Table  6! 


a) 


1 

. . . .  :  J 

_  J 

'  SO 

Pyridine 

1  20,1 

1 

I 

1  71,0 

Acetone 

i  3*. 9 

98,3 

Ethyl  acetate 

15.5 

39,5 

Benzene 

6,4  1 

1  ’k  1 

1  25,7 

10  Q 

Toluene 

1  U  1 

1  3,8 

j  ly 

19,8 

Chloroform 

4.9  1 

16,9 

Methyl  alcohol 

3,0 

11,3 

Absolute  ethyl  alcohol 

3,1 

'  '7.2 

Ether 

j  0,4 

1,8 

Carbon  tetrachloride 

1  0,4 

1,0 

Carbon  disulfide 

a)  Solvents;  b)  Solubility  (in  100  gns  of  solvent)  of  dinitrophenol,  in  gms, , 
at  the  following  temperature,  °C 


As  an  explosive,  dinitrophenol  is  similar  to  dinitro benzene.  It  is  not 

ei^loyed  by  itself.  During  the  First  World  Wew,  an  alloy  of  diniurcj^henol 
BXasaa.  picric, 

and  60^  KUXXXracid  was  esiployed  in  France. 
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II 

c)  Production  of  prlnltrophwiol  frca  B«ng«nt  by  Oxicllzlng  Nitration  in  th« 
Proaoneo  of  *  Prowitor 


The  production  of  trinitrophenol  from  MUiX  benzene  by  nitration  of  the 


latter  with  weak  nitric  acid  in  the  presence  of  mercury  nitrate  as  promoter  has 

been 

SjOfK  investigated  by  many  scientists  (Bibl,205,  20b,  207).  The  most  complete 


studies  in  the  mechanization  of  this  process,  as  well  as  its  practical  realization, 


are  due  to  A. I. Titov  and  N.G.laptev  (Bibl.185). 

Oxinitration 

(oxidation  emd  nitration)  of  benzene  to  2,4-dinitrophenol  and 


to  2,A.,6-trinitrophenol  by  mercury  nitrate  in  nitric  acid  goes  through  the 


following  stages: 


or 


C,H,  +  Hg(NO,),  -  C,H,HgNO,  +  HNO,: 
C,H,HgN0,  +  N,04  -*  CaH,NO  +  Hg(NOJ,; 
C,H,NO+2NO  -*  C,HJ<?+N0f: 
C:.H,N?  +  H,0  -*  C,H*OH  +  H»  +  N,: 
C;,H,OH  +  HNO,  -»>O,NC,H«OH  +  H,0, 


(1) 

(2) 

(3) 

(4) 

(5) 


CjHjOH  +  HNO,  —  0,NC;,H«OH  +  H,0,  ^  '> 

(  para) 


subsequent  to  which  the  mpnonitro  derivatives  are  nitrated  further. 

(3) 

A. I. Titov  and  N.G.laptev  regard  reaction  and  those  which  follow 

it  (U)  and  (5)  as  not  being  the  basic  ones.  According  to  their  views,  the  basic 

190  reactions  subsequent  to  the  decomposition  of  the  mercury  derivative  and  the 

formation  of  nitrophenol  are  the  following: 

QH,NO  +3HNO,  -*  C,H,  (NO,),  OH  +  2HNO,+  H,0: 

C,H,(NO,),  OH  +  HNO,  C,H,  (NO,),  OH  +  H,0; 

HNO,+  HNO,  -►  N,0,  +  H,0. 

According  to  the  mechanism  envisaged  by  A.I. Titov  and  N.G.laptev,  the  total 


asjonHrt 
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•xpandltur*  of  nitric  acid  in  the  fonution  of  one  mole  of  trinitrophenol  is' 

>  formed 

5  molea,  and  one  mol?  of  the  dimer  nitrogen  dioxide, is  iilMinx  simultaneously. 

Production  of  trinitrophenol  by  this  mechanism  is  carried  out  by  circulation 

*’  •  t  T  -  ' 

of  benzene  through  50^  nitric  acid,  containing  3.5%  mercury  nitrate.  The  reaction 

occurs  at  50°.  The  benzene,  saturated  vrith  nitro  derivatives,  and  having  a 

specific  gravity  of  not  less  than  1.2,  Is  removed  from  the  cycle.  The  spent 
benzene 

is  heated  at  60°  for  2U  hrs,  and  the  dinitrophenol  is  nitrated  by  the 
the 

nitrogen  oxides  in/benzene  to  picric  acid.  Upon  completion  of  the  reaction,  the 

mixture  is  cooled  to  5  -  7°,  and  the  crystallizisd  picric  acid  is  filtered  off  the 

benzene,  which  is  returned  to  the  cycle. 

A  nei^cosary  condition  for  introducing  oxidizing  nitration  into  production  is 

regeneration  of  the  mercury.  Only  if  this  problem  is  jtXXKHmXiiy  satisfactorily 

solved  can  oxidizing  nitration  successfv.lly  compete  with  other  methods  (Bibl,208}. 

Section  2.  iVooerties  and  Applications  of  Trinitrophenol 

Picric  acid  or  2,A.,6-trinltrophenol  is  a  crystalline  substance  existing  in  two 

orthorhombic 

polymorphic  forms.  The  crystals  obtained  from  the  alcohol  solution  are  iSifXKKifMliKIlt 
in  shape,  bright  yellow  in  color,  having  a  freezing  point  of  121.3°  and  a  melting 
point  of  122.5°  {Bibl.183).  The  specific  gravity  of  crystalline  picric  acid  is 
1.763,  and  that  of  the  liquid  acid  is  1.589  (at  124-°). 

The  gravimetric  density  if  0.'?  -  1.0,  and  the  density  of  the  cast  picric  acid 
is  1.61  -  1.67.  Pressing  at  a  pressure  of  2000  kg/cm^  yields  a  density  of  1.63.  By 
increasing  the  pressure  to  4125  kg/cm^,  it  becomes  possible  to  Increase  density 
to  1.74.  The  latent  heat  of  fusion  of  picric  acid  is  20.4  kcal/kg,  and  the  apeclflc 
bhwnSiai  capacity  of  0.234  cal/g«.  Picric  acid  ia  virtually  norHhyjjroscoplc.  When 
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191 


TiflHty  fused,  it  volatilizes  to  a  United ‘degree:  vapor  pressure  195°  -  2  mm  Hg, 
,,  and  at  225°  -  50  mm  Hg  (Bibl.183). 

picric 

Tables  ^5  -  ^7  illustrate  the  solubility  of  MIXSU  acid  in  water  and  other 
solvents* 

Table  65 


O'l 

*>) 

a) 

b) 

0 

1.05 

1  40 

1,98 

5  . 

1,07 

SO 

2,53 

10 

1,10 

60 

3,17 

15 

1,16 

70 

3,89 

20 

1,22 

80 

4,66 

25 

1.37  ij  90 

5,49 

30 

1,55 

100 

6,33 

a)  Temperature,  ®C5  b)  Solubility,  ^  of  picric  acid  in  100  gns  water,  gm 


Table  66 


i 

80 

0 

1.184 

2,389 

4,541 

2.3 

0,0230 

0,692 

1,940 

4,7 

0.142 

0,368 

1,251 

10,0 

0,091 

0,265 

0,727 

18,0 

0,049 

0,214 

0,561 

25,5 

0,092 

0,230 

0,587 

50.5 

0,429 

0,645 

1,104 

69.7 

0,928 

1,424 

2,203 

87.9 

2,461 

5,826 

7,610 

97,4 

7.532 

12,785 

24,024 

100,0 

10,180 

16,230 

25,860 

a)  Strength  of  sulfuric  acid,  %;  b)  Solubility,  gm,  of  picric  acid  (in  1CX5  ^ 
acid),  at  temperature,  °C 

\ 
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Table  67 


. 

! 

15 

1^1 

27j  35 

\ 

38  j 

1  42  1 

48 

56 

60  1 

65  j 

1 

78 

c) 

5.9 

-i-' 

1  _  1 

1  j 

! 

1 

i 

1 

1 

40 

— 

3.-15 

_  j  _ 

- 

— 

“  i 

8,4 

— 

e) 

28,3 

;  -  133.3 

38.3 

42,5 

46,2 

—  . 

— 

— 

f) 

9.1 

~  : 

12,3ll4.3 

jl6.7 

22,7 

— 

29,4 

— 

39,7 

— 

9) 

6,8 

8.8 

II.4I17.6 

jss.s 

- 

— 

33.5 

i  “ 

41,7 

50 

a)  Solvent;  b)  Solubility  of  picric  acid,  %,  at  temperatures  in  c)  Alcohol; 
d)  Dich loro benzene;  e)  Nitrobenzene;  f)  Dichloroethane;  g)  Benzene 


Picric  acid  dissolved  in  ether,  methyl  alcohol,  glycer^,  chloroform,  carbon 
UMXUXICM^  disulfide,  and  also  in  resins  and  lacquers.  The  solubility  of  picric 
acid  in  water  and  in  sulfuric  acid  is  of  practical  Interest.  In  view  of  its 
considerable  solubility  in  water,  hot  water  cannot  be  employed  to  wash  picric  acid. 
Aqueous  solutions  of  picric  acid  are  yellow  in  color,  while  solutions  of 
picric  acid  in  sulfuric  acid  and  ligroin  are  colorless.  A  similar  phenomenon  occurs 
in  the  cultivation  of  crystals  of  picric  acid.  Ordinal^"  industrial  PM  picric  acid 
is  yellow,  but  picric  acid  recrystallized  from  sulfuric  or  hydrochloric  acid  is 
virtually  colorless. 

Certain  h:\’pothe3e3  exist  with  respect  XX  to  the  reason  for  the  coloration  of 
picric  acid.  It  is  held  that  undissociated  picric  acid  is  colorless,  but  that  the 

ions  are  yellow.  Other  views  hold  that  the  coloration  of  nitrophonols, 
including  picric  acid,  depends  upon  the  fact  that  they  exist  In  two  tautomeric  forms: 
the  benzoid  and  the  quinoid: 


OH 

I 

O.N-||'.^  -NOa  _ 

I 

NOj 

benzoid  form 


’  ii  li  • 

\  z'  Q 
\\> 

N-OH 

quinoid  form 
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Both  these  forms  are  in  equilibrium,  and  the  equilibrium  is  shifted  in 

the  direction  of  formation  of  the  quinoid  form.  The  quinoid  form  of  picric  acid 

is  colored,  and  the  benzoid  is  colorless.  In  the  opinion  of  Hantsch,  as  already 

indicated,  salts  of  the  nitrophenols  have  the  quinoid  form. 

Picric  acid  and  its  solutions  color  tissues  of  animal  origin  (wool,  silk, 
akin) 

hair,  yellow.  As  is  the  case  with  other  nitro  compounds,  they  form 

complexes  that  crystallize  well  (Bihl,209)J  for  example,  with  naphthalene,  they 
form  golden  yellow  crystals  having  the  following  composition  C^H2(N02)30H. 

This  reaction  is  frequently  employed  to  separate  picric  acid. 

A  characteristic  reaction  for  pjcric  acid  is  provided  by  KCN,  which  forms 
isopupuric  acid  with  it.  This  is  a  rejtd  compound  (qualitative  determination  of 
small  quantities  of  picric  acid). 

Upon  reduction,  picric  acid  converts  to  triaminophenol.  This  reaction  is 
rid 

employed  to  get  iUmH  of  the  picric  acid  in  wash  waters  as  otherwise  they  dirty  and 
poison  bodies  of  water. 

Nitric  acid  dissolves  picric  acid,  and  virtually  does  not  react  with  it 
(Bi''1.210).  Bleaching  lime  converts  picric  ac'’d,  in  the  presence  of  water,  to 
chloropiorin  CCl2(N02)  (a  polso.i). 

Picric  acid  is  a  oomewhat  stronger  acid  than  carbonic  acid.  It  reacts  with 

carbonates  to  liberate  Xm  CO2  and  form  picratas.  In  the  presence  of  moisture, 

glycerol 

picric  acid  decomposes  cellulose  and  IIliMHH  nitrates,  as  well  as  asnonium  nitrates, 
cleaving  HNO^  away  XIBtiHg  therefrom.  .Therefore,  It  can  be  used  in  a  mixture 
with  these  components.  In  the  presence  of  moisture,  picric  acid  reacts  with 
virtually  sll  metal  .other  than  tin  and  the  HX  noble  metals),  yielding  salts 
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•  '  (picric).  Picric  acid  rMcts  with  metal  oxides  or  carbonatei  salts  more 

readily  with  metals  (Bibl.21l). 

A 

The  majority  of  picrates  are  more  soluble  in  water  than  is  picric  acid, 
but,  nonetheless,  they  are  not  soluble  in  dry  tenzene.  This  property  is 
employed  to  determine  picrates  in  picric  acid. 

All  picrates  are  solid  crystalline  substances  having  substantially  greater 
sensitivity  to  watar  and  friction  than  does  picric  acid.  The  greatest  sensitivity 
is  the't  of  lead  and  iron  picrates.  In  sensitivity,  lead  picrate  is  similar  to 
lead  azide.  Minimum  sensitivity  is  displayed  by  the  picrates  of  sodium  and 
ammonium.  The  latter  is  employed  to  fill  shells.  The  shock  sensitivity  of 
picrates  is  illustrated  in  Iip  Table  68. 

Table  68 


a) 


Picric  acid 

Sodium  picrate 
Zinc  picrate 
Copper  picrate 


b) 

1 

c) 

a) 

c) 

95 

300  1 

Iron  picrate 

7 

300 

80 

60 

360  1 

315  j 

Lead  picrate 

6 

260 

Silver  picrate 

5 

- 

7 

310  1 

Lead  azide 

Mercury  nmOBORa 

4 

2 

210 

fulminate 

a)  Explosive;  b)  Height  frraa  which  weight  is  dropped  (2  kg),  cm;  e)  Detonation  point, °C 
In  f^e  process  of  production  of  picric  acid,  picrates  may  come  into  being 

ir  the  washing  and  drying  process,  as  a  conssqusnce  of  the  presence  of  salts  in 

the  wash  water.  Salts  reacting  with  picric  acid  yield  picrates,  which  remain  in 


the  picric  acid  in  greater  quantity,  the  more  poorly  the  IljHflff  separation  was 

193  performed.  Therefore,  the  washing  of  picric  acid  should  be  perfonned  with  soft 

water  (not  containing  salt),  and  before  it  is  sent  to  drying,  the  product  should 

on 

be  EX^SXUQHi  thoroughly  centrifuged  fnmi  the  wash  water  iW  a  hard*rubber  or 


XI 
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tin-plated  centrifuge.  To  avoid  the  formation  of  picratee  as  waahad  picric 

e 

acid  contacts  metal,  the  washing  and ’drying  portions  of  the  apparatus  should 
preferably  not  be  of  metal,  or,  in  any  case  should  consist  of  certain 
particular  metals  (aluminum,  tiivplated  copper,  bronze). 

The  oossibility  that  picrates  may  bo  formed  by  direct  reaction  between  picric 
acids  and  metals  in  the  process  of  nitration  is  eliminated  by  the  presence  of 
sulfuric  acid  in  the  nitro  mixture.  The  formation  of  picrates  may  occur  upon 
reaction  of  picric  acid  with  alkali  earth  basis  and  salts  in  cement^  floors,  and 
therefore  cement  must  not  be  used  for  flooring  in  picric  acid  production. 

Mien  the  aqueous  solution  of  picric  acid  is  saturated  with  ammonia,  ammonium 
picrate  results. 

Ammonium  picrate  is  a  crystal  line  substance  (yellow  or  red  in  color,  in 

different  modifications),  having  a  specific  gravity  of  1.72,  fusing  at  265  -  270® 

(Hibl.183),  and  having  a  detonation  point  of  290®.  Ammonium  picrate  dissolves 

per 

readil.v  in  boiling  water  (74.8  gm  IK  100  gjn  water  at  100®)  and  less  satisfactorily 

in  cold  water  (l.l  gm  per  100  gm  water  at  20°).  It  is  considerably  more 

hygroscopic  than  picric  acid,  and  when  stored  in  a  moist  Xt  atmosphere  for  a 

month,  absorbs  more  than  5%  water.  It  is  insoluble  in  benzene.  Completely  dry 

ammonium  picrate  undergoes  virtually  no  reaction  with  metals  and  their  oxides, 
picrate 

vdiereas  moist  jiliyitKi  reacts, but  more  slowly  than  does  picric  acid. 

Annoniw  picrate  is  ^  comparatively  unstable  substance,  and  when  heated  to 
220®,  vigorous  dsccmposltlon,  with  liberation  of  aaaionia,  sets  In: 

QHj(NO,);0NH,ri  CoHj(N08)3  0H  +  NH,.  • 

This  reaction  also  proceeds  at  a  lower  temperature.  If  asKonla  be  removed 

» 

picrate 

from  the  reaction  sphere,  considerable  deooe^>osltlon  of  aanonlum  MMDK  is  possible 
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accuDulatis'n 

.  (and  consequently,  XXXMXMXlOGCQtt  of  picric  acid  when  it  is  stoi-ed  for  a  long 
period  in  conditions  other  than  airtight). 

e 

picrate 

In  the  United  States,  ammonium  tUffUni  is  produced  on  the  Iridustrlal  scale 

in  the  following  way:  when  heated,  one  part  picric  acid  per  weight  is  dissolved 

in  10  -  12  parts  water  per  weight,  to  which  20$  ammonium  picrate  is  added  until 

complete  neutralization  is  achieved  (O.L  -  0.5  parts  per  weight),  and  upon  cooling, 

ammonium  picrate  MBWi  comes  down,  which  is  filtered,  washed,  and  dried. 

Ammonium  picrate  does  not  react  with  salts,  inasmuch  as  the  hydrogen  of  the 

Previously, 

h;;drox;,d  group  therein  has  already  been  replaced  by  the  NHy^  group.  TOiiigiBiHl 
Mantsirta 

anmonice  of  the  following  composition:  72%  NH^NO^  and  23$  picrate  ( ’’gronoboy”  or 
"maisite”)  waa  manufactured  on  ammonium  picrate  as  base. 

Ammonium  picrate  is  less  shock-sensitive  than  picric  acid.  It  detonates 
when  a  weight  of  2  kg  is  dropped  from  a  height  of  ICK)  cm.  The  heat  of  explosive 

decomposition  is  300  kcal/kg,  and  the  rate  of  detonation  (at  A  =  1.63)  is 

7150  m/sec  (Bibl.183). 

demolition  shells 

In  the  United  States,  amor-piercing  and  .'foaecmiiaide  used 

to  be  XXIII  filled  with  ansnonium  picrate  (  by  the  method  of  pressing). 

Picric  acid  also  foms  picrates  with  organic  bases.  Thus,  for  quantitative 

detemlnation  of  picric  acid,  employment  is  made  of  acridine  picrate 

benzene, 

Ci3HgN  •  C^H2(N02)30H  which  is  poorly  soluble  in  water,  iilXXXjtl  and  alcohol. 

Quantitative  detemlnation  of  picric  acid  may  be  foraed  with  the  aid  of  nitron, 
with  which  picric  acid  yieldo  a  picrate  poorly  soluble  in  water. 

194  Picric  acid  Is  poisonous,  and  therefore  the  appropriate  safety  ruJee  ha^ 

to  be  adhered  to  in  worKlng  with  it. 
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In  the  pure  fora,  picric  acid  Is  very  stable  to  the  usual  testperatures  of 

s  • 

storage.  A  ssiall  quantity  thereof  stay  even  be  subjected  to  volatilization  by 
heating  to  125  -  130°.  At  lb0°,  one  observes  slight  decomposition  of  picric' 
acid  with  liberation  of  gases,  and  deflagration  occurs  at  300  -  310°.  Ignited 
picric  acid  burns  slowly,  with  a  smokj'  flame,  in  the  open  air  or  in  wooden 
packaging. 

When  hot  used  picric  acid  is  brought  into  contact  with  iron,  slaked  lime, 

or  salt  solution,  and  the  like,  the  entire  mixture  explodes,  as  a  consequence, 

apparently,  of  the  formation  of  highly-sensitive  picrates.  To  avoid  this,  the 

walls  of  storehouses  and  factory  buildings  housing  this  material  must  be  covered 

with  a  gj'psum  plaster,  and  electrical  equipment  must  not  include  either  lead 

or  iron,10i|iiUHfJ  but  only  illHX  aluminum  or  copper,  as  these  metals  form  compounds 

with  picric  acid  only  with  difficulty. 

Upon  rapid  heating  in  an  enclosed  shell,  to  300°,  picric  acid  explodes. 

explodes  when  a  2  kg 

Picric  acid  is  }06  more  sensitive  than  TNT  to  shook.  It  JB»lJ6]OiaX30aBIX3C!tXiat^^ 

weight  is  ifiWjBH  dropped  from  80  cm,  whereas  Tlv’T  requires  dropping  from  100  cm. 

sensitivity 

Because  of  the  comparatively  high  shock  XXHfX  of  picric  acid,  the  pure 
product  is  employed  only  to  fill  small  and  medium-caliber  shells.  Large-caliber 
shells  are  filled  with  mixtures  of  picric  acid  and  dinitronaphthalene. 

Addition  of  silica  considerably  increases  the  seneitivity  of  picric  acid  to 
shock,  as  is  evident  from  Table  69. 


372 


Tabl«  69 


0)  1 

1 

1 

cj 

1 

0 

1 

1 

25 

0.25 

25  1 

60 

0.50 

25  ] 

100 

a)  Percent  silica  sand  irs  picric  acid;  b)  Number  of  tests  (10  kg  rngthf)' 
ifYiHlffinifX  25  cm  height);  c)  Complete  explosior^s,  % 

In  the  pressed  or  cast  form,  picric  UX  acid  is  less  shock-sensitive  than 
in  the  povrier  form. 

When  pulverized  picric  acid  is  subjected  to  friction  between  plates  of 
hard  metals  (iron,  steel)  and  stones  it  explodes. 

The  explosive  properties  of  picric  acid  are  as  follows:  volume  of  gases 
730  Itr/kg,  heat  of  explosion  1050  kcal/kg,  temperature  of  explosion  3300  -  3500°, 
expansion  in  Trauzl  block  305  cc,  Hess  brisance  16  mm,  rate  of  detonation 
7350  m/seo. 

Picric  acid  is  employed  both  in  the  pure  form  and  in  mixtures  with  nitro 

reduces 

compounas  to  fill  munitions.  The  addition  of  nitro  compounds  iHJmna  the 
sensitivity  of  picric  acid  to  mechanical  influences  and  xatMUMUCK  permits  the 
filling  of  xarge-caliber  shells  with  alloys  thereof. 

The  most  widely  ee^jloyed  picric  acid  alloys  were:  the  French  mixture 
(80?  picric  acid  and  20?  dinitroniychthalene)  having  a  melting  point  of 
and  the  Russian  mixture  (51«5?  picric  acid  and  4^.5?  dlnltronaphthalene )  ha/ing 
a  melting  point  of  82  -  87®,  and  also  an  alloy  consisting  of  60?  picric  acid  and 
40?  dinitrophenol  (melting  point  85®),  and  an  alloy  consisting  of  60?  trinitrocresol 
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and  40^  picric  acid  (aalting  point  8?®).  Tho  uso  of  readily  fusible  alloys 
makes  it  possible  to  fill  shells  with  molten  explosives  without  having  to  heat 
them  excessively. 

During  World  War  II,  picric  acid  was  employed  in  Germany  to  fill  hand 
grinades,  detonators,  aircraft  bombs  (in  the  form  of  a  mixture  with 
dinitronaphthalene)  and  certain  special  shells  (explosive  smoke  shells). 

When  picric  acid  is  employed  to  fill  shells,  special  attention  must  be  given 
to  providing  complete  isolation  thereof  from  the  shell  casing  and  the  detonator. 

This  was  previously  done  by  covering  the  interior  of  the  shell  with  tin  plate ’or 
lacquer.  This  method  does  not  provide  a  complete  guarantee  of  isolation  of  the 
picric  acid,  because  of  the  difficulty  of  monitoring  the  quality  of  the  covering. 

A  more  reliable  method  is  the  cartridge-type  of  filling.  The  explosive  chairge  of 
picric  acid  is  placed  in  a  paperboard  or  some  other  nonmetallic  container  and  is 
ICXX  thus  kept  divided  from  the  shell  casing.  Assembly  of  the  two  into  a  unit  is 

performed  not  too  long  a  time  prior  to  the  employment  of  the  shell.  The  Japanese 

used 

lUiX  this  method  H  as  far  back  as  the  Russo-Japanese  War. 

Section  3.  Technolog^^  of  Trinltrophenol  Production 
a)  Production  of  iiUt  Picric  Acid  frcm  Phenol 

The  method  of  obtaining  picric  acid  phenol  was  developed  and  widely 
employed  on  an  TmOPHt  industrial  scale  as  far  back  m  the  last  eanttu*y.  Subsequently, 
this  method  underwent  considerable  mtHBIMBf  technological  changes.  Tl.e  major 
laq^rovement  wM  employment,  siilfurization  jmj  subsequent  nitration,  of 
phenol  Instead  of  weak  acids  {92f  sulfuric  and  45/K  nitric  acid),  iXUOKU  strong 
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acids  (olsum  and  aslanga).  Tht  use  of  strong  acids  made  It  possible  to 

eeiploy  cast  iron  instead  of  ceramics  for  the  apparatus.  The  use  of 

in  making 

metal  mmonHinmaH  the  apparatus^ in  turn^made  it  possible  to  make  them  of 

more  advanced  design.  Apparatus  came  to  be  produced,  vdth  mechanical  agitators, 

as  well  as  with  jackets  and  coils  for  the  delivery  of  coolant  water  therein. 

This  facilitated  the  attainment  and  sustaining  of  precise  conditions  e£  temperature i 

The  production  of  picric  acid  consists  of  the  following  operations:  IJXX 
sulfonation 

l)  KMlTIMOmm  of  the  phenols;  2)  nitration  of  the  phenol  sulfonic  acid;  3)  separation 

of  the  product  from  the  acid  and  washing  with  water;  k)  drying  of  the  washed  picric 
into 

acid;  5)  separating  DCGCMii  batches  and  packaging  of  the  finished  product. 

Moreover,  there  are  usually  special  workshops  to  purify  the  wash  water  and  the 
spent  acids. 

The  production  of  picric  acid  from  phenol  in  batch-type  apparatus  is 
diagranlW  in  Fig, 60. 

The  phenol  in  carried,  in  zinc-plated  drums,  on  cars  (l)  and  is  raised  to 

r 

the  top  alM|e  of  the  building  by  means  of  an  elevator  (2),  The  drum  is  placed  in 

a  melting  device  (3),  provided  with  a  jacket  in&o  which  steam  is  emitted.  As  fusion 

of  the  phenol  occurs,  it  flows  thiTugh  a  hole  in  the  bottom  of  the  dinim  and  through 

the  bottom  flange  of  the  melting  device  into  a  metering  tank  (4),  which  stands  on 

scales.  The  metering  device  is  provided  with  a  coil  for  delivery  of  steam  so  as 

to  keep  the  phenol  in  molten  condition. 

Sulfonation  is  performed  in  a  eulfurator  (5),  which  is  a  cylindrical  cast- 

botton  and 

iron  vessel  with  a  spherical  IBUHiiy  cover,  and  provided  with  a  steam  jacket.  The 
eulfurator  contains  a  coil  for  water,  and  an  Ijiqsoller  agitator  for  stirring.  A  , 


specific  quantity  of  oleum  (computed  in  terms  of  n-sulf ©nation)  is  charged 

XU  via  the  measuring  tank  (6),  and  the  phenol  is  added  slowly,  over  the  course 

of  an  hour,  with  the  agitator  in  operation.  The  phenol  is  run  in  under  conditions 

of  a  gradual  increase  in  tesqserature  from  20  to  90°.  Upon  oonpletion  of  the 

196  run-in, ICC  the  siijcture  is  held  at  100°  for  3  hrs,  then  is  sent  to  the  collector  (7), 

and  then  to  the  metering  tank  (8),  for  delivery  to  the  nitrator  (11). 

Monitoring  of  the  sulfonation  process  is  performed  ty  ohservation  of  the 

sulfonation  temperature  and  analysis  of  the  sulfo  mlxt.'irs  for  acidity,  which, 

after  holding,  should  not  be  less  than  in  terms  of  H2S0^. 

in 

The  process  8IK  of  nitration  is  performed  iUi  apparatus  of  the  mUCCl  same 

-dt 

design  ad  suifurator.  The  nitrator  is  made  of  cast  iron.  The  solution  of 

hy 

dlsulfophenol  is  charged  into  nitrator  (11),  and  spent  acid  (2.13  parts  jCCt  weigiit 

per  part  phenol  by  weight)  is  run  in  from  metering  tank  (10),  for  dilution, 

inasmuch  as  formation  of  the  picric  acid  yields  a  mass  so  thick  av  to  render 

oxides, 

difficult  the  lUki  escape  of  the  nitrogen  SjtXaiQ  with  the  consequence  that  the 
mass  foams.  Nitration  ii  by  melange,  which  is  run  in  from  metering  tank  (9).  The 
amount  of  melange  is  calculated  to  jam  deliver  3*75  gm-moles  HNO^  per  1  gm-mole 
r*-0nol.  The  total  melange  is  divided  into  three  parts,  in  a  ratio  of  4:4:5,  run  in 
at  various  temperatures.  The  first  part  begins  to  be  run  in  at  4-0°,  and  run-in 
terminates  at  60°;  run-in  of  the  second  part  is  terminated  at  80°,  and  of  the  third 
part  at  100°.  During  the  third  stage  of  nitration,  after  approxijaately  2/3  of  the 
melange  has  been  run  in,  crystals  of  picric  acid  starts  to  come  down.  Run-in 
continues  for  about  3  hrs. 
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Upon  completion  of  run-in,  the  miJtture  ia  held  for  1  hr  at  100®,  whereupon 

e 

« 

the  contenta  of  the  apparatua  are  cooled  to  30°,  and  are  transferred  through 
collector  (12)  to  funnel  (13),  which  aervea  to  supply  the  centrifuges.  Settling  . 
out  of  the  acid  from  the  product  and  of  the  mechanical  impurities  from  the  acid 
is  performed  therein  over  a  period  of  10  -  12  hrs.  As  settling  occurs,  the 
picric  acid  floats  to  the  top,  while  the  spent  acid  accumulates  at  the  bottom 
of  the  funnel,  and  the  mechanical  impurities  (mineral  salts  and  others)  settle  at 
the  bottom  of  the^  funnel.  After  settling,  a  portion  (Ac  -  of  the  spent  acid 

is  let  out  of  the  funnel  into  collector  (21).  All  the  mechanical  impurities  that 
have  settled  out  are  dumped  along  with  the  acid.. 


Fig.iiC  -  Diagram  of  Production  of  Picric  Acid  from  Phenol 
1  and  19  -  Cars;  2  -  Elevator;  3  -  Melting  device;  A,  6,  8,  9,  and  10  -  Measuring 
tanks;  5  -  Sulfurators;  7,  12,  18  and  21  -  Collectors;  11  -  Nitrator;  13  -  Settling 
funnel;  lA  and  17  -  Centrifuges;  15  and  16  -  Decanters;  20  -  Drying  drum;  22  -  Trap 
a)  Acid  to  recovery;  b)  Water 

After  the  discharge  of  a  portion  of  the  spent  acid  from  the  funnel,  the 
stirrer  is  started,  and  the  remaining  turbid  mass  of  spent  acid,  along  with  the 
picric  acid,  is  discharged  to  IlWHUritjli  centrifuge  (14),  where  the  spent  acid  is 
centrifuged  away  from  the  product.  The  centrifuged  acid  goes  to  collector  (21), 
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unload  ad 

arri  tha  picric  acid  is  MMilM  into  dacantar  (15)  (a  woodan  tank),  into  which  acid 
wash  water  had  previously  been  run  from  collector  (18),  this  being  the  water  from 
the  ‘washing  in  the  previous  operation. 

The  contents  of  decanter  (15)  are  stirred  with  a  mechanical  wooden  agitator, 

and  the  acidity  of  the  water  rises  to  3  -  3.5?  due  to  the  spent  acid  remaining 

in  the  picric  acid.  The  picric  acid,  which  is  turbid  in  the  acid  water,  is 

pumped  to  the  liJUi  upper  decanter  (l^i)  where  it  is  permitted  to  settle  for 

10  -  15  min,  and  the  wash  water,  having  an  acidity  of  3  -  3.5^  (minimum  solubility 

of  picric  acid)  and  being  HXJ^X  in  a  quantity  of  3  parts  by  weight' to  one  j^rt  by 

weight  of  product,  is  discharged  through  the  upper  drainage  flange  to  trap  (22), 

from  which  it  goes  to  purification.  After  discharge  of  the  acid  water,  pure  water 

weight), 

is  run  into  decanter  (lb)  (2  parts  by  weight  per  1  part  product  bv  the 

mass  is  mixed,  and  discharged  to  centrifuge  (17),  where  the  water  is 

separated  from  the  MM,  oicric  acid,  and  iUUt  it  is  washed  once  again  with  cold 
water  (1  part  water  by  weight  to  1  part  product  by  weight).  The  wash  water  is 
collected  In  collector  (18),  and  is  used  for  first  washing. 

Thus,  water  circulation  is  employed  in  the  washing  of  picric  acid.  The 
consumption  of  water  is  3  tons  per  1  ton  of  picric  acid,  with  the  consequence 
that  there  is  a  considerable  JMH  reduction  in  picric  acid  losses  in  washing. 

At  some  plants,  the  washing  of  IX  picric  acid  is  performed  in  a  somewhat 
difference  fashion. 

The  acid  product  is  charged  into  a  decanter,  into  which  acid  water  from 


the  preceding  second  washing  of  product  and  final  washing  on  the  cantrlfiige  has 


previously  been  run  in.  The  product  is  mixed  In  the  decanter,  then  permitted  to 


settle,  and  the  acid  water  is  discharged  through  the  upper  flange.  Fresh  water 
is  then  addea,  u  hsateii  to  90°,  and  the  entire  mass  is  stirred  at  this  teSperature 
for  1  hr,  whereupon  it  is  cooled,  and  the  product  is  permitted  to  settle  out  of  the 
acid  water.  After  the  second  washing,  the  acid  water  is  run  into  a  receiver,  and 
the  product  is  discharged  into  a  centrifuge.  On  the  centrifuge,  the  product  is 
separated  from  the  acid  water,  and  washed  vrith  fresh  water.  The  wash  water  goes 
from  the  centrifuge  to  the  receiver,  and  is  mixed  with  water  from  the  second 
washing  of  the  picric  acid.  This  water  is  then  employed  for  the  first  washing. 

Thus,  the  washing  is  performed  in  a  single  decanter,  also  with  return  water. 

The  second  method  of  washing  picric  acid  permits  a  reduction  in  the  acidity 
of  the  product  (to  less  than  O.ld!),  thanks  to  the  use  of  hot  water,  and  simultaneously 
improves  its  quality.  This  method  of  washing  was  employed  chiefly  in  the  prcxluction 
of  picric  acid  from  benzene,  through  the  dinitrochlorobenzene  lntennediate,0,'. 

The  spent  acid,  having  settled  out  in  collector  (21),  is  employed  in  part 
to  dilute  sulfophenoi,  whereas  the  rest  goes  to  recovery  and  further  to  denitration. 
The  product,  having  undergone  a  final  centrifuging  on  centrifuge  (17),  is  discharged 
into  car  (19)  and  transported  to  the  drying  division. 

Picric  acid,  after  washing,  should  be  of  not  more  than  0.1%  acidity,  or  more 

than  1055  moisture  content.  It  is  dried  in  drum  drier  (20). 

designing 

In  MHHOQjmi  driers  for  the  drying  of  picric  acid,  it  is  necessary  to  bear 
in  mind  that  this  acid  reacts  with  metals  and  forms  plcratss.  Therefore,  wood 
or  aluminum,  which  do  not  reac<  to  picric  acid,  are  the  preferable  materials  for 
the  des^lcators. 
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Callings  In  thasa  buildings  srs  mads  of  vrood,  and  roofs  are  covered  with 
tar  paper.  Concrete  must  not  be  used,  inasmuch  as  picric  acid,  being  stronger 
than  silicic  acid,  displaces  SIO2  in  the  concrete  from  its  compounds  of  metals,  to 
form  picrates  (Ca,  Mg,  Fe,  Na,  and  others)  which  may  he  causo^  for  accidents.  A 
strong  shock  or  friction  causes  the  picrates  to  flash,  and  this  may  result  in  a 
fire  or  explosion.  Floors  should  also  preferably  be  made  of  wood,  covered  with 

itTW  linoleum,  which  facilitates  washing  of  the  floor  and  protects  the  wood  against 

{ 

permeation  hy  picric  acid. 

The  dried  picric  acid  is  hauled  in  boxes  on  cars  to  the  packaging  department, 
where  it  is  sieved  through  copper  mesh  and  packaged  in  wooden  boxes  or  containers 
lined  with  paper.  The  yield  of  picric  acid  is  85%  of  theoretical.  Picric  acid 
hae  to  satisfy  the  technical  specifications  indicated  in  Table  70. 


Table  70 


' 

r  .  n 

[ ' '  '-r':  , 

Appearance  (all  grades) 

Color 

Freezing  point, °C,  less  than 
Benzene- insoluble  residue,  %, 
not  more  than 

HoSO/,  content,  %,  not  more  th 

1 

Crystal 

iUi  meet 

iii'.r) 

o.:> 

‘an  «•' 

> - 1 

[line  powc 
lanical  ii 
Bright  3 

ii9,r) 

().;) 

II,  L> 

1 

' 

ler,  without 

apurities 

'ellow 

1 

IIP 

i.u 

o,:i 

a)  Propertieet^  b)  Grade  1;  c)  Grade  d)  Grade  3 

The  quality  of  the  picric  acid  is  determined  by  the  jtMUIUi  purity  of  the 
initial  phenol. (absence  of  cresole  HBUBUJOSk  therefrom),  and  also  by  the  lack 
of  incompletely  nitrated  dinitrophenol.  The  quantity  of  ia^urities  insoluble  In 
bensene  may  be  increased  by  the  dinitrophenol  sulfonic  acid  (not  converts  into 
plerie  acid)  which  undergoes  partial  dissolving  in  the  picric  acid. 
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no  1«88  than  7  -  S%,  l.e.,  tha  vniter  going  to  purification  mu8t  bo  aeidiflod. 

It  is  usually  acidified  with  spent  acid.  The  purification  process  is  illustrated 
in  Fig. 61. 

The  wash  water  is  delivered  to  receiver  (2)  and  acidified  with  spent  acid 
from  the  pressure  tank  (1).  Agitation  during  acidification  is  by  means  of 
compressed  air.  Usually  two  such  tanka  are  provided,  which  work  alternately.  The 
acidified  wash  water  is  delivered  from  them  by  pump,  continually,  through  metering 
device  (3),  to  apparatus  (4)  for  reduction. 


Fig  ,61  -  Diagram  of  Purification  of  Spent  Water 
1  -  Pressure  tank;  2  -  Receiver;  3  -  Metering  device;  L  -  Apparatus  for 
reduction;  5  -  Neutralizer;  6  -  Elevator;  7  -  Hopper 
a)  Wash  water;  b)  Compressed  air 

The  reduction  apparatus  is  an  ordinary  cylindrical  wooden  tank  containing  a 
wooden  pipe  that  does  not  reach  to  the  bottom.  The  tank  is  filled  with  iron  filings 
The  water  enters  the  upper  portion  of  the  pipe,  passing  through  it  to  the  bott<Mn 
of  the  apparatus,  and  rises  through  the  iron  filings,  going  out  of  the  upper  portion 
of  the  apparatus. 

From  the  reducer,  the  acid  water  goes  to  a  wooden  neutralizer  (5).  where  it 
is  neutralized  with  lime.  The  lime  is  deUvered  continually,  in  controlled  quMtity 


by  elivator  (6)  through  hopper  (7).  HtHHffMjj  Agitation  in  the  neutralizer  ie 


■perfomed  by  oompreesed  air.  The  purified  water  goes  from  the  neutralizer  through 

P 

a  system  of  traps  into  the  sewerage  system.  The  process  of  purification  is  run 
at  normal  temperature. 

b)  Production  of  Picric  Acid  from  Benzene  through  Dinltrochlorobenzene  as 
Intemediate 

‘The  production  of  picric  acid  through  dinltrochlorobenzene  as  intermediate 
should  be  organized  at  plants  that  manufacture  chlorine  and  are  near  benzene  plants. 
This  ma'fes  it  possible  to  chlorinate  the  benzene  with  gaseous  chlorine,  without 
necessitating  large  expenditures  to  compress  chlorine  and  transport  it  in  cylinders. 
The  production  is  performed  in  four  major  departments;  the  chlorobenzene,  the 
dinit rophenol,  the  picric  acid  and  the  picric-acid  drying. 

Chlorobenzene  department.  Figure  illustrates  the  production  of  ohlorobenzt...e 
(Bibl.213,  214). 

Benzene  from  tank  (l),  and  gaseous  chlorine,  are  delivered  to  the  lower  portion 
ohlorinator  (2).  The  chlorinator 

of  the  is  a  jUUOU  steel  column  with  acid-resistant 

lining,  having  a  packing  of  steel  and  ceramic  rings.  The  upper  (wider)  part  of 
ohlorinator 

the  dKKSSGSb  serves  as  a  spray-catcher,  and  the  KjWWtjjifliit  hydrogen  chloride  formed 
in  chlorination  is  removed  from  its  very  top,  along  with  benzene  and  chlorobenzene 
fumes.  The  amount  of  benzene  vaporized  is  1.4  -  1.5  ton  per  1  tPn  of 
chlorobenzene  obtained. 

e 

chlorinator 

The  gases  emitted  from  the  dOfSBBiKQf'  are  sent  to  a  reflux  condenser  (3)  with 
graphite  tubes  impregnated  with  jnflHiiDmnHUnfgWiyiy  phsnol^fomaldehyde  resin.  Hare 
the  gases  and  fumes  are  cooled  to  30°,  .and  about  90!^  of  the  benzene  contained 
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in  the  vapors  condenses.  The  benzene  is  separated  in  separator  QDfi  (U),  and 


the  renainlnp  fumes  and  gas  go  to  a  mixing  condenser  (5),  where  they  are  cooled 

200  to  -2®.  More  than  9%  additional  benzene  is  separated  thereby. 

packed 

The  mixing  condenser  is  a  XiHOtKM  column  through  .which  the  chlorobenzene 

flows.  The  benzene  fumes  condense,  and  the  solution  of  benzene  and  chlorobenzene 

flows  out  of  the  bottom  of  the  UtMCTKlt  apparatus.  A  .portion  of  the  solution  is 

agaiirdlrgmeU  to  flow  through  the  mixing  condenser  via  condenser  (7).  Benzene 

is  separated  from  the  other  portion  of  the  solution  in  fractional  distillation 

column  (8).  In  order  to  prevent  the  chlorobenzene  from  becoming  saturated  with 

the  condensing  benzene,  which  may  result  in  solidification  of  the  solution  upon 
fresh 

cooling,  SQQQiX  chlorobenzene  is  added  to  the  circulating  solution  in  collector  (6). 

From  the  chlorinator  (2),  the  reaction  mixture  goes  ;^th  the  solution  taken 
off  condenser  (5),  to  separation  in  a  two-column  fractionating  unit,  employing  a 
continuous  process.  The  mixture,  entering  fractionating  columi.  (S),  contains 
64  -  65^  benzene,  33.5  -  34%  chlorobenzene,  about  1,5%  polychlorides,  and  a  small 
amount  of  dissolved  hydrogen  chloride  and  ferric  chloride.  At  some  plants,  the 
reaction  mass  is  treated  with  a  weak  solution  of  caustic  alkali  before  fractionation, 
to  neutralize  the  HGl  and  decompose  the  FeCl^, 

The  temperatiu^  in  the  vat  part  of  column  (8)  is  maintained  within  the  limits 
of  133  -  l4l°,  and  in  the  i^per  portion,  within  75  -  88®.  The  distillate  driven 
off  the  column  contains  99,5%  benzene  and  0.5%  chlorobenzene.  Raw  chlorobenzene, 
containing  0.15  -  0,25%  benzene  and  3*5  -  4.5%  polychlorides  flows  directly  from 
the  vat  portion  of  the  colusm.  Comerclal  chlorobenzene  is  driven  off  the  raw 
material  in  column  (12),  The  resultant  chlorobenzene  contains  0.3  -  1»1% 
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?’ig.62  -  Diagram  Showing  Continuous  Chlorination  of  benzene 

'Trickle 

1  -  Pressure  tank;  2  -  Chlorinator;  3  -  Sripie  condenser;  JiX  /+  -  Separator; 

5  -  Mixing  condenser;  f  -  Intermediate  collector;  7  -  Condenser;  8  and  12  -  Fractional 
distillation;  9  and  13  -  Fractionating  column;  lU  -  Condensers;  11  and  15  -  Boilers; 

1'  and  1'^  -  Vacuum  collectors;  18  and  19  -  Absorbers;  20  -  Neutralizing  column; 

21  -  Graphite  condenser;  22  -  Sulfuric  acid  collector 

a)  i’enzene;  t)  From  apparatus  (5);  c)  Chlorobenzene;  d}  Steam;  e)  lime; 

f)  To  apparatus  (8);  g)  Water;  h)  8J  8%  caustic  solution;  i)  Hydrochloric  acid; 

')  To  vacuum  pump;  k)  Polychlorides 


nolyohloride#  and  about  0.3^  benzene.  The  chlorobenzene  content  of  the  mixture 

of  polychlorides  flowing  out  of  the  column  vat  usually  KKA  does  not  exceed  10^. 

This  mixture  may  be  sn^loyed  to  produce  tetra^  and  htxachlorobenzene. 

Hydrochloric  acid  is  obtained  freai  the  hydrogen'  chloride  formed  on  chlorination. 

discharged 

To  do  this,  the  hydrogen  chloride  from  the  ztlxing  condenser  (5)  goes  to 

■erlee  (18),  (19),  end  (20) 

three  column-type  apparatus  connsctsd  in  MBRMCQBVXIGQQBBBDQD^  of  idilch  the  first 

(IB)  and  (19) 

two  (in  ths  dlrsotlon  of  gas  flow)  KS|KlX|^^srve  as  absorbers,  whsrsas  nsutralieatlon 
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of  th«  rosidual  hydrogen  chloride  occurs  in  apparatus  (20).  Absorber  (18)  ii 
irrigated  vri.th  dilute  hydrochloric  acid.  The  strong  hydrochloric  e^-id  emerging 
from  it  is  cooled  to  20  -  30®  in  the  graphite  condenser  (21).  A  portion  of  the 
strong  hydrochloric  acid  is  returned  to  absorber  (18)  to  increase  the  density  of 
irrigation. 

The  gases  emitted  from  absorMr  (18)  are  sent  to  the  second  absorber  (19) 
for  absorption  of  the  residual  hydrogen  chloride.  The  resultant  dilute  hydrochloric 
acid  goes  to  irrigate  absorber  (18)  .  To  neutralize  the  residual  hydrogen  chloride, 
the  gas  is  sent  to  column  (20),  irrigated  by  an  aqueous  solution  of  caustic. 


Fig. 63  -  Diagram  of  Production  of  Dinitrophenol  from  Benzene 
1  -  Extractor;  2,3,7,8,15,20,21,22,23  -  Metering  tanks;  4,10,  and  13  -  Separators; 
5  -  Receiver;  6  and  14  -  Rising  devices;  9  -  Nitrator;  11  -  Washing  vat; 

12  and  18  -  Traps;  16  -  Saponifier;  1?  -  Apparatus  for  deoon^sosition  of 
sodium  dinit rophenoiate;  19  -  Centrifuge 
a)  Steam;  b)  Con^ressed  air 

Dinitrophenol  fcop.  The  production  of  dinitrophenol  fr<an  chlorobenzene  may 

perforr.ei 

be  itsOKsd  in  accordance  with  the  mechanism  Illustrated  in  Fig.  63. 

iron  vat  enclosed 

In  extractor  (1),  ^Ich  is  an  'i£Sil0WF SyUCUXU  in  a  Jacket,  spent  acid  is 
charged  in  from  metering  tank  (2),  and  cooled  to  45®.  Then,  chlorobenzene  (1  part 
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p«r  2.5  parts  spent  acid)  is  gradually  added  from  measuring  tank  (3).  During 


202 


the  charging  period,  the  ten^erature  is  adjusted  so  as  not  to  rise  above 
55  -  60*^.  After  run-in  and  mixing  to  foDlow  it,  the  extractor  content^are 
transferred  to  separator  (4)  over  a  20  min  period.  The  purpose  of  the  operation 
is  the  chlorobenzene  extraction  from  the  spent  acid  of  the  dinitrochlorobenzene 
dissolved  therein  (about  2  -  5^).  and  utilization  of  the  residual  HNO^ 

(1.5  -  2%). 

The  spent  acid  remaining  in  the  separator  is  sent  to  receiver  (5),  and 

from  there  to  denitration,  and  the  utllir.ed  ("stirred”)  chlorobenzene  is  sent 

to  measuring  tank  (7)  for  nitration.  Nitration  of  the  chlorobenzene  to 
dinitrochlorobenzene 

antKTiHfinrtnHrennflHtli  is  performed  in  a  single  stage.  To  accomplish  this,  a  nitro 

mixture  consisting  of  -.5  -  66%  H2i>0^,  28  -  29y5  HNO^,  and  5  -  6?  H2O.  is 

poured  into  nitrator  (9)  from  measuring  tank  (8). 

The  amount  of  mixture  is  determined  on  the  basis  of  10?  excess  HNO^  over  the 

theoretical .  The  chlorobenzene  is  added  to  the  nitro  mixture  over  a  3~hr  period, 

with  temperature  rising  slowly  from  IBXH  20  to  45®,  Upon  completion  of  the  run-in, 

the  nitro  mass  is  heated  for  an  hour  to  105  -  110°,  and  then  held  at  that  temperature 

another  30  min.  At  the  end  of  the  operation,  the  dinitrochlorobenzene  must  be 

solidified  at  a  temperature  not  below  47°. 

Upon  completion  of  nitration,  the  contents  of  the  apparatus  are  forced  into 

separator  (10)  by  compressed  air  (this  is  a  cylindrical  vessel  wi'th  a  conical  base), 

XXXX  and  are  permitted  to  stand  for  3  hrs .  The  WMKlHHt  dinitrochlorobenzene  ’(hat 

wit! I  a  connecting  piece 

settles  out  of  the  spent  acid  is  drained,  by  )P(  means  of  a  valve^3fr£ff)^|p|||cc  to  the 
washing  vat  (11)  and  the  spent  acid  goes  to  the  rising  device  (6)  from  which  it 
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la  dallvar'jd  for  iMilHglW  extraction. 


The  washing  vat  (11)  has  a  buh>^ler  ,  with  steam  and  compressed  air  attached. 

Water  is  run  into  the  vat,  which  is  then  heated  by  live  steam  to  70°,  whereupon 

the  dinltrochlorobenzene  is  run  in  (1.5  part  water  per  part  dinitroohlorobenzene). 

After  agitation  by  compressed  air,  and  settling,  the  wash  water  is  drained  and 

fresh  water  is  run  into  the  vat.  Four  such  washings  are  made,  ntllMH  followed  by 

one  or  two 

a  fifth  vfith  soda  (3^  solution),  and  then  another  XXJUfcXX  water  washings  (until  the 
of  the 

residual  acidity  HlXi  product  is  0.02:2). 

The  wash  waters  go  to  trap  (12)  and  the  dinltrochlorobenzene  to  separator  (13), 

for  the  fullest  possible  separation  from  the  water.  The  separator  (13)  hats  a  coll 

for  heating.  Settling  is  performed  at  a  temperature  of  70  -  80°.  After  settling 

for  an  hour  to  free  it  from  water,  the  product  is  sent  to  U^QjJQCXX  saponification  by 

rising  device  (14).  The  saponifier  (16)  is  an  iron  pot  with  jacket  or  coil  for 

heating,  and  an  impeller  agitator.  Water  heated  to  75°,  and  a  25  -  3055  caustic 

solution  are  run  into  the  saponifier  from  metering  tanks  (20)  and  (2l).  Caustic 

calculated 

soda  is  in  85%  IX  excess  over  the  theoretical,  and  the  UQQi  water  is 
to  yield  a  7.5^  NaOH  solution  for  saponification. 

Because  of  the  exothermic  reaction  involved  in  saponification,  the  temperature 
rises  to  93  -  95°  dxiring  the  run-in  of  dinltrochlorobenzene  from  iCKM  metering  tank  (15). 
The  mixture  is  then  heated  to  100®  and  held  there  .ntil  saponification  is  completed 
(20  -  30  min), 

Thie  completion  of  saponification  is  monitored  by  a  saaqsling  for  absence  of 
dinltrochlorobenzene,  which  is  performed  as  follows:  XX  5  ec  phenolate  is  dissolved 
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20 

in  XBD  cc  hot  water,  and  acidified  vrith  lOS  sulfuric  acid  until  acid  reaction 

is  observed.  If  drops  of  oil  appear  at  the  bottom  of  the  test  tube,  this  will 

testify  to  the  presence  of  dinitrochlorobenzene.  The  absence  of  drops  of  oil 

Indicates  that  saponification  ItX  has  been  concluded ,  A  second  control  is 

(  •  » 

titration  with  free  caustic,  the  strength  of  which  should  be  O.U  -  0.8%. 

In  order  to  decompose  the  sodium  dinitrophenolate,  the  mixture,  at  temperature 

100°,  is  dischargei  from ‘the  saponifler  into  apparatus  (17),  consisting  of  a  wooden 

vat  with  coil,  lead  bubbler  ,  and  agitator.  Water  il  and  spent  acid  from  picric 

Icuif . 

acid  production  is  run  into  the  apparatus  beforehand  from  measuring  aiag*  (22)  and 

(23).  In  order  to  bring  about  decomposition,  spent  acid,  in  8%  excess  over  the 

theoretical,  and  water  calculated  to  yield  a  10%  sulfuric  acid  solution,  are  • 

employed.  Sodium  dinitrophenolate  solution,  from  the  saponifier,  is  charged  into 

the  sulfuric  acid  solution  over  a  25  min  period,  with  stirring.  After  this  run-in, 

the  mixture  is  held  for  20  min  at  75°.  The  operation  is  monitored  by  determining 

should 

the  acidity  of  water  in  the  bath, which/not  be  less  than  0.3,°. 

When  the  holding  period  is  complsted,  the  apparatus  contents  are  iUil  cooled  bj^ 
water  (via  a  coil)  to  35°.  Further  cooling  to  25  -  30°  is  performed  by  addition  of 
cold  water  to  the  apparatus. 

Upon  conclusion  of  the  operation,  the  XX  mixture  in  the  apparatus  is  drained 
to  centrifuge  (19),  running  at  low  speed,  where  it  is  washed  with  water,  after  which 
the  centrifuge  is  switched  to  high  speed  for  better  removal  of  the  water.  The 
centrifuged  water  goea  to  trap  (18).  The  dinitrophonol,  having  a  aoisturp  XX  content 
of  10  -  13?  goes  to  picric  acid  production. 

e 

Picric  Acid  is  producsd  nitrstion  of  dinitrophsnol  in  an  ordinary  batch—typa 
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iron  nltrator  (BibJ.215).  Spent  acid  and  20^  oleum  is  charged  into  the 


nitrator  in  quantities  calculated  to  yield  a  9U  -  95^  sulfuric  acid  (2.5  parts 

moist 

203  mediuir,  per  part  dinitrophenol  by  weight),  whereupon  the  IKIXX  dinitrophenol  is 

run-in.  The  apparatus  content? are  heated  to  30°,  whereupon,  over  a  period  of 
hrs 

3  -  3.5  yrai-’the  nitrating  mixture  is  run-fin,  and  the  temperature  at  the  end 
of  the  period  of  run-in  is  raised  to  55°.  The  acid  nitrating  mixture  has  the 
following  composition:  71  -  72%  and  28  -  29%  HNO^.  It  is  run  in  to  yield 

a  50‘/l  excess  of  nitric  acid  over  the  theoretical .  After  the  mixed  acid  has  been 
run-in,  the  reaction  mixture  is  slowl;,'  heated  for  1-1.5  hrs  to  110  -  112°,  and 
held  at  that  temperature  for  1.5  h.rs.  It  is  tlien  cooled  to  30°  over  a  period  of 
2.5  hrs,  and  removed  by  compressed  air  to  the  settling  funnel.  After  settling, 

a  portion  of  the  spent  acid  is  discharged  into  a  receiver,  and  the  remaining  spent 

^ . ,i  ;.  fil'  r. 

acid,  along  with  the  picric  acid,  is  sent  to  a  centrifuge  or  *liitsih- 

The  further  treatment  is  identical  with  that  described  in  our  heading  ■ 

"Production  of  Picric  Acid  from  Phenol". 

In  Germany,  nitration  of  chlorobenzene  is  performed  in  two  stages  in  batch-t.^'pe 

apparatus.  After  the  dinitrochlorobenzene  has  been  produced,  the  spent  acid  is 
utilized  in 

SMMXUtXKX  its  entirety  for  nitration  of  chlorobenzene.  After  nitration  of  the 

chlorobenzene,  the  spent  acid  is  JB  extracted  by  the  latter,  and  goes  to 

denitration  and  concentration.  The  consumption  data  per  ton  of  dinitrophenol  are: 

1.2  ton  dinitrochlorobenzene,  0.4-3  ton  caustic  soda,  and  0,2A  ton  8ulfxu*ic  acid. 

Nitration  of  dinitrophenol  is  performed  in  batch-type  apparatus.  96  -  98% 

(bath 

Sulfuric  acid,  and  dinitrophenol,  are  HHCCl  run  into  the  apparatus  /module  3:l) 
subsequent  to  which  mixed  acid  coneisting  of  51^  ^2^®4 
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gradually  at  45°.  Up®n  the  conclueion  of  nitration,  the  reaction  mixture  is 

/ 

diluted  vrith  water  and/  the  picric  acid  is  separated  from  the  dilute  spent  acid 
ril'-or. 

on  a  Naasch.  The  picric  acid  is  then  washed  with  water  and  dried  on  a  rack 
desiccator.  In  order  to  extract  picric  acid  from  the  spent  acid,  it 
undergoes  chlorobenzene  extraction  and  then  goes  to  denitration.  The  chlorobenzene 
employed  for  extraction  is  treated  with  a  lU  soda  solution  to  remove  picric  acid 
therefrom  in  the  form  of  sodium  picrate. 

The  consumption  data  pei'  ton  of  picric  acid  are:  0,86  ton  dinitrochlorobenzenii^ 
2.85  ton  sulfuric  acid,  0.36  ton  nitric  acid,  and  8¥J  0.05  ton  chlorobenzene. 

Section  4.  Httrochenol  Ethers 

The  desirability  of  employing  ethers  and  in  particular  di-  and  tri-anisole 

offered  to 

and  piUUiUi  phenetole  is  dictated  by  the  possibility  iimymXiSliXaHijUy  employ  them 
to  make  ammonium  nitrate  explosives.  Di-  and  trinitrophenols  are  unsuited  to  this 
purpose,  as  they  react  with  the  nitrate  to  form  nitric  acid.  The  ethers  of  the 
di-  and  trinitrophenols  are  less  sensiti\a,  but  more  powerful  explosives  than 
are  the  responding  nitrophenols.  Like  the  ethers,  they  are  capable  of  undergoing 
KjMiQMIiHmi  hydrolysis  (even  with  water)  to  form  the  corresponding  phenols  and 
alcohols.  IQBBljHH  Hydrolysis  goes  the  more  easily,  the  larger^Wanber  of  nitro 
groups  in  the  nitro  ether, 

ethers  is 

The  moat  important  of  the  nitro  derivatives  of  tHi  phenol  mtwat^yyrar 
imXWiXmi MMHi  dlnltroanlsole  the  production  of  which  attained 


300  tons  per  month  in  Germany  in  1944, 


Dlnltroanlsole  is  a  cryatalllne  substance  that  exists  in  two  modifications 


heat 

one  of  which  haa  a  freezing  point  of  86,9°  ,  and  the  other  95°,  Ite  IfiU  of 
formation  is  THWH  46,42  kcal/mole  (Bibl.2l6),  Dinitroanioole  diaeolvea  In 
water  with  difficulty,  KlHttiBi  better  in  alcohol  and  ether,  and  ver^-  well  in 
acetone  and  benzene.  The  following  are  the  explosive  characteristics  of 
dinltroanisole.  The  volume  of  gaseous  products  of  explosion  is  '^26  ll^;/kg,  the 
204  velocity  of  detonation  is  5620  m/sec,  and  the  fugacity  is  245  cc. 

Dinitroanisole  is  produced  by  the  treatment  of  dinitrochlorobenzene  with 
caustic  soda  in  the  presence  of  methyl  alcohol,  in  accordance  with  the  reaction: 

Cl  OCHj 

I  |^*''*’  +  Cll30!I-!  X'al'll -*  j  +  NaCl  + 1  IjO. 

/ 

NOj  NOj 

The  NaOH  solution  is  added  to  the  mixture  of  dinitrochlorobenzene  and  methyl 
alcohol  at  18  -  20°,  with  a  I'ise  in  temperature  to  45°,  After  cooling,  the 
dinitroanisole  is  filtered,  washed,  and  dried.  The  yield  is  about  94^  of 
theoretical. 

A  method  of  direct  nitration  of  anisole  has  also  been  described  (Bibl,217). 

Dinitroanisole  is  employed  as  one  of  the  components  in  the  manufacture  of 
powders  with  a  non-volatile  solvent. 

Trinitroanisole:  2,4,6-trinltroanisole  C^H2(N02)30CHj  is  a  crystalline  substance 
with  a  melting  point  of  68,4°.  It  has  somewhat  greater  brisance  than  IIIT,  but  liUHf 
less  than  picric  acid.  The  volume  of  gaseous  explosion  product  is  740  Itr/kg,  and 
the  fugacity  is  314  cc. 
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was 

Trinitroanlsole  It  produced  on  a  rather  large  scale  XX  In  Japan  during 

.  .  .  —  .... 

e 

World  War  II.  It  was  employed  in  mixtures  with  RDX  (60^  trinitroanlsole, 

40^  RDX)  and  with  hexyl  (60^  XHKPtWtXKimi  trinitroanlsole,  Zi%  hexyl,  and  16? 

aluminum).  A  mixture  of  70?  trinitroanlsole  and  30?  aluminum  was  employed  in 

naval  incendiary  sheila  (Blbl.188). 

2,4, 6-Trlnitrophonotole 

C6H2(N02)30C2H5  is  a  crystalline  substance  with  a 
melting  point  of  81°.  The  brisance  of  trinitrophenetole  is  less  than  that  of 


TNT. 


Trinitroanlsole  and  triniurophenetole  are  produced  by  nitrating  the 


corresponding  dinitro  derivatives,  which  in  turn,  are  obtained  from  Xlit 


dinitrochlorobenzene  and  the  corresponding  alcohol,  in  the  presence  of  caustic 


soda  (,Pdbl.218). 


A  considerable  advantage  enjoyed  by  these  ethers  over  picric  acid  is  their 
neutrality,  making  it  possible  to  employ  them  in  a  mixture  vrith  ammonium  nitrate. 
However,  SX  has  been  pointed  out  by  XXSXWtf  A. G. Const  {Eibl.219),  the  eniplo^mient  of 
these  mixtures  during  World  War  I  showed  that,  in  the  presence  of  moisture,  the 
ethers  undergo  hydrolysis  to  convert  to  picric  acid  and  alcohol. 


Section  5.  Trinltroresorclnol  (Blbl.206.  220) 


Trinitroresorcinol  was  first  obtained  in  1808  by  Chevreul.  In  1946  TBXmcint* 

IjJaKPBKttf  styphnlc 

Boettger  and  Ville  again  obtained  this  substance,  and  called  it  XXXXZXXX  acid. 

•  ‘  styphnlc  a 

In  1871,  Stenhouse  and  SSKHidm  Schroeder  showed  that  MVOMtC  acid  is  XKX  product 


of  the  nitration  of  resorcinol,  and  has  the  following  formula 

OH 

0,Nf^^|NO, 

OH 
NO, 
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to  product 

Trinltrorttorcinol  it  ttqjloytd/todium  trinitrorttoreinate  (TORS),  which  it 
an  initiator. 

Trlnitroreaorcinol  (2,/»,6-trinitro-l,3-dicjtybenzene)  consists  of  bright 
yellow  crystals  of  the  hexagonal  system.  Its  specific  gravity  is  1.83,  and 

melting  point  180°.  This  product  is  weakly  soluble  in  water:  at  14°»  0.65^ 

»TmtnT¥itM]f)(]ogy]gyMx 

dissolves,  and  at  62°,  1.1$.  The  solubility  in  various  solvents  is  shown  in 
Table  71. 

Table  71 

_ 

***  '  0  I  r>  j  10  j  17  '  os 

'  . . .  .  •  I  ' 

Alcohol  r,j„  _  i  _  I  (j^22  M.fi'i 

Penzene  —  '  —  —  47 

Toluene  —  —  i  0,1  j  —  — 

Acetone  “  -  ;  —  j  313.'  — 

a)  Solvent;  b)  Solubility  of  trinitroresorcinol,  (pn,  at  temperatures, 

in  °C  (in  100  gm  solvents) 

An  aqueous  solution  of  trinitroresorcinol  is  bright  yellow,  apparently  they 
owing  to  its 

vnnsk&'iXx  dissociation  into  ions. 

Trinitroresorcinol  is  a  rather  strong  acid  and  is  similar  to  trinitrophenol 
in  Its  properties.  Being  a  dibasic  acid,  it  can  form  neutral  and  acid  salts. 

Its  neutral  salts  are  as  stable  as  the  salts  of  trinitrophenol,  A  strong  aqueous 
solution  of  trinitroresorcinol  dissolves  iron  and  zinc  to  liberate  hydrogen,  and 
this  reaction  goes  with  psurticular  ease  upon  heating.  It  does  react  with  copper, 
sulfur,  lead,  tin,  and  cadmium.  The  carbonates  decompose  trinitroresorcinol, 
with  liberation  of  carbon  dioxide. 


Nitric  and  sulfuric  acids  (dilute  and  strong)  do  not  react  witfi  trinitroresorcinol 


•v«n  upon  boiling,  but  merely  dissolve  it.  Aqua  regia,  however, oxidizes  it 

to  oxalic  acid  and  other  products.  Trlnitroresoreinol  is'^omewhat  mere  |QQQQiX 

powerful  explosive  than  picric  acid  (Bibl,22l).  Ignited  trlnitroresoreinol  bums 

with  a  bright  flame  but  without  explosion#  A  cap  detonator  will  cause  it  to  explode 

products 

Production  of  trlnitroresoreinol.  The  initial  for  production  of 

trlnitroresoreinol  are  resorcinol,  nitric  acid,  and  sulfuric  or  acetic  acid. 

Resorcinol  (meta-dioxybenzene)  SXXiCt)]!}  C^H^(0H)2  is  a  white  crystalline 
substance.  Its  specific  gravity  is  I.2''2,  melting  point  110.7°,  and  boiling 
point  276,5°. 

Table  72  presents  the  solubility  of  resorcinol  and  various  solvents. 

Table  72 


b) 

(.  1  ! 

>  1  15  1 

24 

■  30 

Water  sfi.i  117  _  _  '  0,15 

90^  Alcohol  —  —  127  ,  —  — 

Benzene  ~  —  —  1  2  — 

a)  Solvent;  t)  Solubility  of  resorcinol,  gm  (in  100  gm  solvent;^)  temperature, 

Resorcinol  is  virtually  insoluble  in  chloroform  and  carbon  disulfide.  In  the 
presence  of  ammonia  it  takes  on  a  reddish  tinge,  and  in  an  ammonia  solution  of 
silver  nitrate,  it  itMiUtt  reduces  silver.  With  aqueoue  solutions  of  ferric  chloride 
resorcipnl  yields  a  blue  7olor.  When  chlorine  or  brcaiine  react  with  aqueoue 
30lution-:,of  resorcinol,  the  consequence  is  trichloro-  or  tribrcanoresorcinol.  This 
is  the  basis  for  the  method  of  quantitative  determination  thereof.  To  an  aqueous 


solution  of  reWorciiiol,  a  titrated  solution  of  bromine  water  is  added 


(trlbroBorttorclnol  being  obtained),  and  the  excess  bromine  is  determined  by 


back-titration  with  iodine  and  hyposulfite. 


Resorcinol  does  not  yield  a  precipitate  Mt  lead  acetate,  hut  its 


isomer-pyroeatechinol  does  form  a  precipitate. 


Resorcinol  is  obtained,  from  benzene  through  dlsulfobenzene  as  intermediate. 
The  raw  resorcinol  le  purified  by  vacuum  distillation.  Depending  upon  the  decree 

of  purification,  the  technical  products  may  contain  homologs  and  isomers  as 

pyrocatec  hlho  1 ,  :  ;  1  ■  -r  f.  yl  ■  ■  t  n  1 

impurities:  phenol,  hydroquinone,  f iuorogliwtnol ,  and  dXK 


diresorcinol.  In  addition,  one  also  encounters  thioresorcinol,  organic  acids 
(salicylic 


Xmiyjgm  and  phthalic),  resins,  and  water- insoluble  impurities.  Resorcinol  that 
i'as  been  inadequate  1,'-  purified  is  brown  in  color  and  smells  of  phenol.  Even 

after  careful  purification  ty  volitilization,  steam  distillation,  and  cip/stallization, 
technical  resorcinol  may  still  contain  phenol  and  pyrocatechjBol, 

vVhen  technical  resorcinol  is  to  be  nitrated,  the  presence  of  resinous 

substances,  which  cause  the  nitro  mixture  to  foam  up  (due  to  oxidation)  and  reduce 
the  quality  oi  the  nitro  product,  is  particularly  undesirable.  Therefore,  special 
technical  requirements  must  be  met  by  resorcinol,  under  vriiich  its  melting  point 

has  to  be  In  the  109  -  111°  interval,  the  resorcinol  content  must  be  not  less 

pyro'.n'.ec'  ol 

than  99^,  that  of  pjzcoostomoblxiod.  not  over  0.3^,  that  of  phenol  and  other  brominators 
must  be  not  more  than  0.1%. 

Nitration  of  resorcinol,  as  that  of  phenol,  can  only  be  perfomed  at  low 

e 

tei^terature  (0  -  5°),  and  by  a  weak  mixed  acid  or  nitric  acid.  However,  XX  even 
if  these  conditions  are  adhered  to,  the  yield  of  nitro  product  is  small  because 
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of  oxidation 


Conaidarably  smallar  losses  of  resorcinol  due  to  oxidation  occur  when  it 

is  nitrated  by  a  diacetyl  derivative.  To  do  this,  ^  finely  ground  resorcinol 

is  dissolved  in  glacial  acetic  acid  or  in  acetic  acid  chloroanhydride.  The  result 

of  the  reaction  is  formation  of  a  diacetyl  resorcinol  solution,  which  is  IQUBiXK 
.  nitric 

run  into  XXX  strong  XXiXXH  acid,  accompanied  by  careful  agitation  and  cooling. 

Three  times  the  theoretical  quantity  of  nitric  acid  is  employed.  After  run-in, 
the  reaction  mixture  is  permitted  to  stand  for  1  or  4.  hrs,  with  continued  stirring, 
and  -with  heating  from  time  to  time  until  biibbles  begin  to  be  emitted.  At  the  end 
of  the  holding  time,  the  mass  is  poured  into  five  times  the  quantity  of  consnercial 
sulfuric  acid,  with  cooling  and  agitation,  and  is  heated  to  40°  for  2  hrs.  The 
resultant  reddish  brown  mass  is  poured  into  a  large  amoimt  of  water,  in  which  the 
oright  yellow  orj'stals  of  trinitroresorcinol  come  down.  The  product  yieldn  is 
approximately  70^  of  theoretical. 

Today,  trinitroresorcinol  is  obtained  through  resorcinol  sulfonic  acid  as 

intermediate,  with  subsequent  nitration  of  the  final  product.  The  yield  is  84% 

of  theoretical,  fhe  techJiology  is  substantially  similar  to  that  of  the  production 

of  picric  acid,  and  consists  of  the  following. 

Resorcinol  is  finely  ground  in  iron  drums  with  cast-iron  balls,  or  on  special 

mills.  Commercial  Miti  sulfuric  acid  is  run  fron  ths  metering  tank  into  the 

sulfurate,  and  the  resorcinol  is  runPin  batchwise,  with  the  agitator  operating. 

Ths  sulfuric  acid  has  to  be  five 

MXIiraXHgXiiilCXlMXIiKnaH  times  the  theoretical,  by  weight,  in  order  for 
disurforeeoroinol  to  be  formed. _  Sulfonation  Is  performed  at  35®,  and,  at  thff  end 
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of  th«  p:.’^e«8s,  result  Is  a  redd  la  h- violet  transparent  solution  of  dlsulforesorcij^ol 
In  sulfuric  acid.  In  order  to  bring  the  reaction  all  the  way  to  completlcjn,  the 
sulfo  mixture  Is  held  for  1-1.5  hrs  at  60  -  70°,  subsequent  to  vriilch  the 
dlsulforesorcinol  solution  Is  cooled  to  30°,  and  nitration  is  undertaken.- 

Therefore,  mixed  acid  is  gradually  run  into  the  dlsulforesorcinol  in 
sulfuric  acid  solution,  thus  raising  the  temperature  to  37°.  At  the  conclusion  of 
the  run-in,  formation  of  trinitroresorcinol  crystals  begins,  as  a  consequence  of 
which  the  viscosity  of  the  mass  increases,  and  liberation  of  nitrogen  oxides 
results  in  foam  formation.  XXii  If  stirring  is  inadequate,  due  to  foaming,  the 
consequence  may  be  local  overheating  and  sudden  changes  in  temperature. 
Therefore,  particularly  careful  stirring  is  necessary  at  this  stage  in  the 
process.  To  do  tt;is,  a  foam-breaker  is  provided  on  the  agitator.  Should  there  be 
a  sudden  hjmfi  in  temperature,  the  nitro  mixture  has  to  be  dumped  into  the 
emergency  pot.  At  the  conclusion  of  the  run-in,  the  temperature  is  raised  to  50°, 
and  is  then  held  for  an  hour  at  6C  -  ^,5°.  Completion  of  holding  is  determined 
by  the  color  of  the  crystals,  which  have  to  be  from  orange  to  yellow.  The 
nitro  mass  Is  then  cooled  to  25  -  35°,  and  drained  into  a  dilution  tank  filled 
with  water.  This  operation  is  acoonq^anled  by  foaming  and  incrsase  in  temperature, 
and  therefore  has  to  be  performed  stepwise,  to  avoid  sudden  emission  of  nitjcogen 
oxides  and  sudden  changes  in  temperature. 

Upon  dilution,  trinitroresorcinol  comes  down  as  a  precipitate,  inasmuch  as 
its  solubility  in  the  water  is  lass  than  in  spent  acid.  The  crystals  are 
separated  from  spent  acid  in  a  vacuum  funnel,  and  are  washed  first  with  VUBfi 
warm  water  (50°),  and  then  with  co.ld  (20°). 


Wh«n  loM^grads  resorcinol  are  employed,  the  trlnitroresorclncl  Is 


purified  by  treatment  with  sodium  bicarbonate: 

C,II(N0,)3(0H),  +  2NuHCO3  -  QH(N02)3(ONa)j  +  2COj  +  2HjO. 

Neutralisation  of  sulfuric  acid  to  Na2S0^  occurs  simultaneous  with  the  lOt 

above  reaction.  Further  treatment  of  the  solution  obtained  by  nitric  acid  results 

is 

in  precipitation  of  pure  nitroresorcinol.  About  5%  of  the  product/lost  in 

purification.  Purification  is  performed  as  follows.- 

3-4  times 

The  trinitroresorcinol  is  mixed  with  its  weight  in  water, 

and  a  IX  12.5?  sodiimi  bicarbonate  solution,  in  a  little  more  than  the  theoretical 
quantity,  is  mOKIM  lum  into  this  mixture  in  a  thin  stream  at  85  -  90°.  The 
approximately  15?  sodium  trinitroresorcinol  solution  obtained  is  cooled  to 
40  -  45°  and  treated  with  strong  nitric  acid.  The  precipitated  trinitroresorcinol 
is  refiltered  and  washed  with  water.  The  product  yield  is  about  78?  of  the 
theoretical.  After  purification,  it  is  dried  in  a  rack-type  drier  at  50  -  60°, 
for  36  hrs . 

The  technical  product  usually  contains  isomers,  mono-  aid  di-nitroresorcinol, 
as  well  as  a  certain  amount  of  H2S0/^.  The  trinitroresorcinol  employed  to  produce 
lead  trinitroresorcinate  has  to  IflgXM  satisfy  the  following  conditions:  melting 
point  not  uinder  174°,  water-insoluble  impurities  not  over  0,5?,  ashes  not  over  1?, 
and  not  over  0.2?. 

Section  6.  Trlnltroeresol  and  Other  Nltro  Derivatives  of  Cresol 

Trlnitrocresol  can  only  bo  regarded  as  an'auxlliary  e^qjlosivo  .to  be  obtained 

from  an  extra  source  of  raw  material  -  cresol.  It  has  no  particular  advantages  as 

MXXia 
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an  •xplosiv*  over  picric  acid,  if  w«  do  iX  not  consider  its  lesser  degree  of 
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sc’lubility  In  water  and  lesser  reactivity.  It  is  equal  to  TNT  in  its  explosive 
qualities. 

The  starting  material  -  cresol  -  is  hardly  suited  to  nitration  in  the  raw 
form,  as  it  consists  of  a  mJ.xture  of  meta-,  ortho-,  and  para-isomers,  of  which  only 
the  meta-cresol  yields  a  mhWiHHlffmXiyX  trinitro  derivative. 

Trinitro-meta-cresol  is  a  bright  yellow  crystalline  substance  melting  at 
109.5°.  Its  formula  is 


CH, 

I 

OjN-  '  ^-NOj 

'-Oil' 

1 

NO, 

A  trinitro-meta-cresol  of  1.64  density  may  be  produced  by  pressing  and 
pouring.  It  dissolves  in  water  less  readily  than  does  KXjQtl  picric  acid.  Thus, 
100  parts  water  by  weight  will  dissolve  (in  parts  by  weight) 


at  6*' .  0,15 

at  ys" .  0,20 

at  100’  .  1,8* 


Trinitro-meta-cresol  readily  disaolvee  in  alcohol,  HHQtBiiy  ether,  benzene,  ■ 

and  acetone.  Its  chemical  properties  are  similar  to  those  of  picric  acid.  With 

salts*  so-called 

metals  and  oxides  thereof,  it  fonns  cresylates.  Cres.ylates  are  sonewhat 

less  sensitive  to  shock  and  heating  than  IBBBt  are  the  corresponding  picrates.  Like 
the  picrates,  the  most  sfnsltive  are  the  salts  of-  the  heavy  metals,  ^  the  most 
sensitive  of  all  is  the  lead  salt. 
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Trinltrocresol  la  a  wholly  stable  aubstance,  which  begins  to  daconpose 


at  about  2CX)°.  Its  flash  point  is  2"5°.  It  is  semejrhat  less  shock-sensitive 
than  picric  acid,  and  is  inferior  .thereto  in  fugacity  and  br^ilsance.  Trauzl  bomb 
expansion  is  290  cc,  br/^isiince,  according  to  Kast  is  IX  4.2  mm,  velocity  of 
detonation  is  b850  m/sec,  volume  of  gaseous  e^iplosion  product  is  675  Itr/kg,  and 
heat  of  explosion  is  912  keal/kg, 

Trlnitrocrosol  is  not  employed  by  itself.  In  France,  it  has  been  employed 
in 

iilXX  alloys  vdtii  picric  acid.  The  most  froquent.ly  used  was  an  alloy  of  60% 

trinltrocresol  40%  picric  acid,  called  cresolito.  A  valuable  property  of  this 

it 

alloy  is  the  fact  that  IM  is  less  sensitive  than  pjcric  acid,  has  a  low  melting 
point  (75  -  S0°)  and  is  plastic  at  65  -  70°,  whic'.  makes  it  possible  easily  to 
obtain  a  dense  charge  (A  «=  l.'^5).  In  Austria,  employment  was  made  of  an 
ammonium  salt  nitrocresol,  which  has  no  particular  value  as  an  explosive. 

Production  of  trinltrocresol.  The  starting  material  for  production  of 
trinltrocresol  is  meta-cresol  vrisich  is  obtained  from  the  neutral  oil  of  coal  tar, 
in  a  mixture  with  ortho-  and  para-cresoi.  Tectmical  coal  cresol  is  of  approximately 
the  following  cai^osition:  40%  ortho-,  35%  meta-  and  25%  para-isomer.  Table  73 
rresente  the  properties  of  cresol  isomers. 

Upon  nitration, 

nnUUXlQijaa  meta-cresol  yields 
2,4,6-trinitro-meta-cresol,  with  a  yield 
of  about  80%.  Under  the  conditions  of 
nitration  of  the'  meta- isomer,  the  fflCX 
ortho-  and  para-cresols  undergo  complete 


Table  73 


a) 

b) 

c) 

Ortho-  1 

190,8 

30 

Meta- 

202.8 

3-4 

Para- 

202,0 

36 

a)  Creeol  ieomer;  b)  Boiling  point,  °C; 
c)  Melting  point,  °C 


oxidation  with  formation  of  oxalic  acid. 


Nitration  tharoof  at  lo>r  tcsuperatura  makes  It  poaelble  to  obtain  the 


trlnltro  derivatives,  which  are,  however,  so  unstable  as  to  decompose  even  under 
the  effect  of  cold  water.  Therefore,  before  technical  oresol  may  be  used  for 
nitration,  it  is  distilled,  to  separate  the  ortho-isomer,  the  para-  and 
meta-isomer  remaining  in  the  mixture,  inasmuch  as  their  boiling  points  are  quite 
similar.  The  so-called  technical  meta-cresol,  thus  liberated,  contains  about 
hrOJL  para-cresol. 

Further  separation  of  these  isomers  may  be  achieved  by  oleum  treatment  of 
technical  meta-cresol.  The  result  is  that  the  para-cresol  goes  into  a  crystalline 
sulfo  compound,  poorly  soluble  in  acid,  and  the  meta-cresol  goes  into  a  sulfo 
compound  readily  soluble  in  acid.  The  ci^stais  of  the  para-cresol  sulfo  compound 
are  filtered  off,  and  the  solutionr  of  the  sulfo  compound  of  meta-cresol 

in  sulfuric  acid  are  nitrated,  to  yield  trinitro-meta-cresol. 

Nitration  may  be  employed  to  obtain  the  dinitro  derivative  from  the  sulfur 
derivative  of  para-cresol,  or  ,  by  Jive-steam  treatment,  to  recover  the  initial 
para-cresoj .  However,  it  is  more  economical  to  use  techmical  meta-cresol  in  nitration, 
without  XK*  separating  the  para-isomer. 

The  technical  process  of  production  of  trinitrocresol  is  similar  to  that  Involved 
in  obtaining  nitric  acid  from  phenol.  The  yield  of  trlnitrooresol  is  about  50%  of 
the  theoretical.  This  low  yield  is  emplalned  by  the  oxidation  of  para-cresol. 


In  recent  years,  considerabJe  interest  has  developed  in  3, 5-dinitro-ortho-creaol 
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as  a  product  of  eonsidsrable  herblcidal  activity.  This  product  may  be  produced 


via  the  disulfo  derivative  of  ortho-creeol,  for  example,  by  saturating  it  with  an 
aqueous  solution  of  nitrogen  oxides  (Bibi.222). 

Not  long  ago,  a  patent  has  been  published  (Bitil.223)  for  a  continuous  method  of 
producing  dinitro-ortho-cresol,  in  accordance  with  which  12.9  kg  ortho-oresol  and 
kg  70%  nitric  acid  are  admitted,  in  the  course  of  an  hour,  through  a  calibrated 
nozzle,  into  a  water-cooled  metallic  tube  1  m  long  and  38  mm  in  diameter.  The  yield 


of  dinitro-ortho-cresol  was  80^  of  the  theoretical. 
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NITRO  CCMPOUNDS  OF  THE  ALIPHATIC  SERIES 


A,  General  Deaerlptlon 

The  nitre  compoundg  of  the  aliphatic  series  ItMlnitrq  paraffins,  nitrq^  alkanes) 
have  come  into  wide  use  in  the  last  10  -  15  years  as  components  of  jet  fuels.  Because 
of  their  high  reactivity,  they  may  be  employed  as  the  starting  materials  for  the 
production  of  XKJiX  a  number  of  valuable  chemicals,  acids,  amines,  nitroalqohols,  etc., 
as  well  as  for  the  synthesis  of  powerful  explosives.  The  problem  of  obtaining  and 
utilizing  nitro  compounds  of  the  aliphatic  series  HX  for  these  purposes  is  also 
important  because  a  cheap  and  large  senp];,-  of  raw  materials  for  them  is  available, 
inasmuch  as  MX  paraffins  are  KMiX  a  basic  component  of  petroleum,  industrial,  and 
natural  gas. 

The  nitroalkanes  were  EMM  obtained  in  1872  by  V.Meyer  by  reacting  silver  nitrite 
with  alkyl  iodides: 

•4’ AgNOj  — ♦  C„H(}/i  +  1)M02+ AgJ. 


Subsequently,  this  reaction  came  to  be  performed  by  EX  reacting -nitrite  salts 
other  metals  with  sulfuric  esters,  for  exampl*: 


CH,0^ 


SOj  +  INO, 


ClIs-NOj  +  CHjOSOjOK. 


The  reaction  product  included  not  only  nitro  compounds,  but  nitric  esters  (for 

example,  MX  CH3CMO),  and,  because  of  their  lower  boiling  point,  these  latter  iOll  were 

readily  separable  from  the  basic  product  by  distillation. 

Formation  of  nitro  oompoimds  as  a  result  ef  the  reaction  of  nitrite  having  a 

fact  that, 

tri-valent  nitrogen  atom,  XX  is  explained  by  the  fntx  along  with  the  exchange 


reaction,  leading  to  the  foimation  of  nitric  esters,  there  is  a  halide  alkyl 

kCit. 
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addition  reaction,  Kii  followed  by  the  cleaving  off  of  a  halide  ealt: 


AgV-N-  0]4-CH3-J 


Ag-O-N 


■B/0 


o  //  O  /  O 


-•AgJ  +  O-N/  (  or  0-N; 


CH, 


The  obtaining  of  nitroalkanes  by  means  of  AgN02  is  of  significance  only  in  the 

a  medium  ‘  ^ 

laboratory.  Running  this  reaction  in  itHXUBiMIIimiXaririi  dimethylsulfoxide  or 
dlmethylformide,  containing  urea,  makes  it  possible  to  IXXjtMjUSjili  employ  NaN02 
instead  of  AgN02.  When  this  is  done,  the  yield  of  primary  and  secondary  nitroalkanes 
attain  f-QS%  (Pihl.l,  2). 

Twenty  years  later,  in  1892,  M. I .Konovalov  obtained  nitroparaffins  by  direct 
reactlon  of  nitric  acid  (10  -  151  strength)  liquid  saturated  hydrocarbons: 

pentane,  hexane,  etc.,  at  temperatures  in  the  vicinity  of  115  -  150°.  Considerably 
later,  A. I. Titov,  investigating  this  reaction,  demonstrated,  (Bihj.3),  that  the 
active  jUUUil  chemical  agent-. therein  is  a  molecule  of  the  monomer  of  nitrogen  dioxide, 
similar  to  a  radical,  and  regenerated  from  nitric  acid. 

Reaction  of  the  nitrogen  dioxide  monomer  with  paraffin  hydrocarbons  results  in 


the  formation  of  radicals 


R:H+  N0,->  R-+HNO,, 


which  combine  with  extreme  rapidity  with  the  next  molecule  of  the  nitrogen  dioxide 


monomer 


R.  +  .NO, -»R-NO,. 


Simultaneously,  the  regeneration  of  *^2  occurs 


HNOj+HNOj-*  H, 0  +  2. NO,. 


Formation  of  nitric  esters  is  also  possible  as  side  products: 


4.05 
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•NO,-*  O-NO; 

R  -f-  O-NO-*  R-ONO. 

These  latter  go  into  a  series  of  reactions,  reversible  In  nature,  such  as 


hydrolysis 


R  -  ONO  +  H,0  ROH  +  MONO 


and  other  transformations. 


To  be  noted  that  the  ease  vrLth  which  substitution  by  the  nitro  group  occurs 
increases  as  one  proceeds  from  the  primary  hydrogen  (in  the  CH3  group)  to  the  secondary 
(in  the  =CH2  group).  The  substitution  of  the  ternary  hydrogen  goes  easiest  of  all 


(in  the  group  •CH), 


Vifhen  nitric  acid  is  reacted  witn  paraffin  hydrocarbons,  oxidation  products  (Bifcl.4) 
are  produced  in  significant  quantity  simultaneous  with  tr.c  nitration  product.  The 
yield  of  these  OKidation  products  not  infrequently  exceeds  the  yield  of  the  nitro 
compounds,  particularly  if  the  process  is  run  at  high  temperature,  inasmuch  as  the 
temperature  coefficient  of  the  oxidation  reaction  is  higher  than  that  of  the  nitration 


reaction. 


It  is  proposed  that  nitrogen  dioxide  be  employed  to  UiUSCC  nitrate  paraffin 
hydrocarbons  instead  of  nitric  WUUti  acid.  This  process  is  run  in  liquid  phase  at 
150  -  200°  at  20  atm  pressure  (Bibl.5,6). 

A. I. Titov  expresses  the  mechanism  of  forsaation  of  oxidation  products  in  the 


nitration  of  paraffin  hydrocarbons  as  follows  (Bibl.3)! 


RUfiOCDHOaUC 


Jv 
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a) 


2i; 


a)  Oxines  and  other  conversion  products;  b)  Lower  radicals,  ketones, 

aldehydes,  and  their  conversion  products;  c)  01efin|8  and  their  conversion 
products;  d)  Ketones  .aldehydes;  ijK  e)  Lower  acids,  nitriles,  HCN,  ox;f  acids,  etc.; 
f)  Acids;  g)  Esters 

Witration  of  paraffin  hydrocarbons  in  the  liquid  jiJUl  phase  is  rendered  difficult 
iy  the  fact  that  e  hydrocarbons  and  the  nitric  acid  are  mutually  inaoluble,  and, 
moreover,  thu  resultant  nitro  product'- is  partially  soluble  in  nitric  acid,  with  the 
consequence  that  it  undergoes  further  nitration  and  oxidation. 

In  1936  and  1937,  studies  appeared  on  the  nitration  of  pentanes  and  butanes  in 
the  gaseous  phase  by  nitric  acid  of  1,5  specific  gravity.  According  to  the  data 
of  Bachman  (PiM.7,8,9),  this  process  goes  better  in  the  presence  of  halides  or 
oxygen,  which  facilitate  the  formation  of  low-molecular  nitro  paraffins.  The 
mechanism  by  which  these  additives  operate  consists  of  the  formation  of 

free  hydrocarbon  radicals  arising  through  the  reaction  of  the  hydrocarbon  with  the 
halide  or  oxjygen.  Moreover,  the  halides  take  up  the  nitrogen  oxide,  and  prevent 
nitration. 

mxu 
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211  In  the  |ueous  phaae,  the  reactahte  are  mieeible  in  any  proportion.  The  eeeence 

•  i/v>* 

of  the  produetp  lies  in  the  fact  th4t  the  hydrocarbon  vapors  are  passed  through  a 
coil  reactor,  into  which  hot,  strong  nitric  acid  is  euimitted  simultaneously.  Paeeeif 
the  coll  reactor,  the  mixture  of  hydrocarbon  and  nitric  acid  fumes  oasses  through  a 

212  reaction  apparatus  in  which  a  temperature  of  400  -  450°  is  maintained.  As  a 
consequence,  the  free  radicals  formed  at  high  temperature  (Bibl.9)  participate  in  the 

;  j  . 

reaction.  Thus,  first  a  process  of  decomposition  of  paraffin  hydrocarbons 

into  free  radicals:  i#  R  -  R  2R*,  and  then^ubsequent  combination  thereof  with  a 
decompositic  1  product  of  nitric  acid:  tiO,  M02,  H2O,  into  nitroso-,  nltro-,  and 
ox^-paraf  fi  ns . 

At  a  twnperature  of  400  -  450°,  derivatives  of  the  lower  hj’drocarbons  are  obtained 

from  the  higher  paraffin-JSjWDHHUUfiKJI  hydrocarbons.  However,  if  the  process  he  run  at 

a  temperature  under  350”,  cracking  of  the  paraffins  XKX  does  not  occur,  and  formation 

of  products  of  nitration  and  oxidation  of  the  hydrocarbons  taken  for  nitration  occurs. 

For  the  explosives  industry',  it  is  only  the  nitro  derivative: of  the  lower 

hydroodrbon  paraffins  that  are  of  interest:  nitromethane  and  nitroothane.  The  latter 
vapor-phase 

may  be  obtained  by  ymvwyitikiiit  nitration  at  4©0  -  450°,  from  the  higher  paraffinic, 
hydrocarbons,  constituting  a  component  of  petroleum  (Pibl.lO,  11).  The  ratio  of  the 
components  is  of  importance  in  connection  with  process  safety.  When  the  HNO^-to- 
hydrocarbon ' ratio  is  8:1^  one  obtains  a  stoichiometric  ratio  of  combustible  and 
oxidizer,  constituting  and  e^qjlosive  mixture.^  Therefore,  the  process  is  run  with 
mixtures  containing  excess  hydrocarbon  (from  2.5  io  10  parts  by  weight  per  part  HNO3 
by  weight).— This  alaultansously  facilitates  fln  increase  in  the  yield  of  nitration 
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products 


212 


In  nitration  in  the  vapor  phase,  more  than  60?  of  HNO3  is  consuarad  in  oxidizing 
processee,  in  idiich  it  is  reduced  to  nitrogen  oxides.  The  nitrogen  oxides  are  sent 

s 

to  absorbers  to  recover  nitric  acid.  This  significantly  reduces  the  dead  losses 
thereof,  and  the  degree  of  loss  is  governed  solely  by  the  completeaess  cf  »fhich  the 
apparatus  is  sealed. 

The  resultant  nltroparaffins  must  immediately  be  removed  from  the  highwtemperature 
zone,  and  cooled,  to  prevent  decomposition  thereof.  The  temperature  and  time  of 
contact  of  hydrocarbons  with  HNO3  are  interdependent.  The  higher  the  temperature, 
the  less  must  be  the  contact  time.  For  example,  for  pent'ne  at  4-50°,  0.22  sec  contact 
time  is  adequate,  at  398°,  1.0  sec.  will  do,  cind  366°  -  2.9  sec,  and  at  248°  -  852  sec. 

The  optimimi  temperature  for  the  various  hydrocarbons  differs  and  is  determined  by 
their  stabiilty.  The  more  difficult  it  is  for  a  hydrocarbon  to  he  cracked,  the  higher 
must  be  the  temperature  of  nitration  in  the  vapor  phase.  Thus,  for  example,  the 
optimum  nitration  temperature  of  methane  is  550  -  600°,  that  of  ethane  is  500  -  550°, 
propane  -  410  -  450°  butane  -  380  -  410°, 

The  optimum  temperature  drops  with  increase  in  the  molecular  weight  of  the 
hydrocarbon,  and  with  branching  of  the  carbon  chain.  Hydrocarbons  of  larger  molecular 
weight/  and,  molecu'ar  M  weight  being  equal,  isomeric  hydrocarbons,  crack  more 
readily.  Pressure,  which  does  not  a^ffect  the  nature  of  vapor-phase  nitration,  has 
a  major  effect  upon  its  velocity,  inasmuch  as  IX  an  increase  in  pressure  is  accompanied 
by  an  increase  in  the  volisnetric  concentration  of  the  conqjonents.  This  makes  it 
possiole  to  .reduce  the  contact  temperature  and  time.  Nitration  is  usually  performed 
at  7  -  10  atm.  There,  ai^  also  installations  that  function  at  atmospheric  pressure. 

Installations  functioning  under  pressure  are  more  eoaqjact,  and  the  reaction  goes 
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212  at  lovar  temp«ratur«,  howvvar  this  requlras  absolute  airtightness  of  apparatus  ^UTKiyyyTiii^ 
(Blbl.5,10). 

The  Iron  walls  of  the  apparatus  are  Inhibitors  of  vapor-phase  nitration  and 
sharply  diminish  the  j'iald  of  nltroparaffins.  The  introduction  of  KNO3  or  NaN03  ttKKIQi 
into  the  apparatus  makes  it  possible  to  reduce  this  effect  somewhat  (Binl.g), 

In  the  USA,  gae-  phase  nitration  is  performed  in  reactors  of  chrome-nickel  steel. 

The  metering  and  dglAvacy  bf  the  components  is  automatic.  They  are  preheated  by  |QUtiUjQ|X 

rcsni;-' 

213  XfflSBSjK  taraa»Bct»9ion  through  heat  exchange*  or  tubular  furnaces.  The  xtuEation-jjqC-tije 

stay  of  the  mixture  in  the  reactor  is  regulated  b-  the  rate  of  component  delivery, 
mixture 

The  goes  from  the  reactor  to  a  condenser.  The  distance  between  reactor  • 

and  condenser  should  be  minimal  so  as  to  assure  rapid  cooling  of  the  nitropjaraffins 

and  prevent  decomposition  thereof.  Cooling  is  performed  stepwise.  High-lioiling 

fractions  condense  in  one  condenser,  and  iow-boiling  in  another.  These 'fractions  go 

to  preliminar-'  distillation,  subsequent  to  which  each  fraction  is  subjected  to  chemica].- 

fractional 

purification  and  is  again  distilled  in  a/Jistillation  apparatus. 

Figure  ^4  shows  a  schematic  diagram  of  the  apparatus  for  gajjVpHase  nitration. 
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Fig. 64  -  Diagram  of  Apparatus  for  Sle-Phase  Nitration  of  Aliphatic  .Hydrocarbons 
1  -  Heater;  2  -  Mixer;  3  -  Reactor;  4  -  Condenser;  5  -  Preliminary  distillation; 

6  -  Chemical  purification;  7  -  Distillation 

In  some  apparatus,  the  nitric  acid  fs  not  heated  to  high  ten^terature  (of  the  order 
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of  250  -  400°)  but  la  maraly  vaporlaad.  This  prevents  deep  decos^ositlon  to  NO  and  O2. 

A  number  of  Indirect  methods  of  producing  nitroparaffins  (Bibl. 12, 13,14)  are  • 
also  knovm: 

1)  oxidation  of  amines  in  accordance  vrith  the  follovrlng  mechanism 
2RCH;Nll2  — -  2RCHjNHOM  2RCH_-NOH  — 2RCI1;N02. 

The  yield  of  nitroparaffins  is  30  -  50$.  Nitrocompounds  are  formed  upon  the 

the 

oxidation  of  the  primary  amines  only.  Oxidation  iX  does  not  cause/secondary  and 
ternary  amines  to  yield  nitro  derivatives.  React j.on  of  olefin(^  vri.th  nitrogen 
tetroxide  goes  as  follows: 

C  (NOj)  --  C  (NOj)  (CH,): 

2(CH3);C  C(CH3)j-i-2N;04  < 

•(CHj)2C(ONO)  -C(N0:>(CH3)2 


The  dinitro  compound  constitutes  30  -  50$  of  the  mixture,  while  the  residue 
coi  sists  of  nitroalkyl  nitrite.  This  latter  has  a  ten.  ency  to  spontaneous  decontposition, 
which  is  rssponsible  for  the  instability  of  the  resultant  reaction  mixture; 

2)  reaction  of  ketones  with  nitric  esters  (Pibl.l5)  or  with  hydrcxiv'lr  jmine,  • 
followed  by  reacting  nitrogen  and  an  oxidizer  (a  chromium  mixture  or  nitric  acid) 
with  res'c.ltant  oxime  in  accordance  with  the  following  mechanism 


,rHj  /H]  .CHj  CH]  . 

/  ’  +MH,  OH  /  -ONO  +0  /.  . 

I  — 0  - - - -  C  =N0H  — 

\h,  .  -H2  0  \h,  -HNOj  ^CH, 


The  yield  of  dinitro  compound  is  25  ••  35$; 


3)  permanganate  oxidation  of  ternary  carbinamlnes  ie’  employed  to  obtain  ternary 


nitro  compounds,  the  yield  being  70  -  80$  CBibl.lb). 


Pronertlea  of  nitroparaffins  (Blbl.l7).  Monbnitroparaffins  are  colorless  liquid 


or  solid  substaness*  XXXXXXIt 


Tab  Is  7tf  shows  ths  physical  propsrtiss  of  mononitroparaffin*,  from  which  it  is 
clsar  that,  as  the  molecular  weight  lUXiUUUiX  of  mononitroparaffins  rises,  their 
boiling  point  increases,  and  their  specific  gravity  diminishes. 

Mononitroparaffins  Vre  poorly  soluble  in  water.  Thus,  10.5  oc  nitromethane 
dissolves  in  100  co  water  at  100°.  The  solubility  of  the  residual  members  of  the 
homologous  X*  series  diminishes  as  molecular  weight  rises.  The  mononitroparaffins 
are  readily  soluble  in  benzene,  toluene,  x^'lene,  alcohol,  acetone,  and  carbonic  acid, 
the  lower  nitrdparaffins  are  themselves  solvents  for  many  organic  substances. 


Table  7k 


a) 

t>) 

1 

Cj 

d) 

Nitromethane 

o 

L 

r 

101,2 

1,132 

1,3935 

tat  20“) 

Nitroetbane 

Cllj— Cllj-NOj 

1  IH.O 

1 

1,047 

1 ,3901 
(at  24') 

l-Nitropropane 

CHj-CHj-CHj-NOj 

1  131,6 

1,008 

1 

1,4003 
(at  24») 

2-Nltropropane 

Cllj-CH-Clla 

NO; 

j  120,8 

1 ,024  1 

1  i 

— 

l-Nitrobutane 

1  CH3-(CH2);CH:N02 

1 

1 

j  - 

2-Nitrobutane  1 

Ctlj-CH;-CH-CH, 
lioj  . 

j  130,6 

1  0,988 

1 

l-Nltro-2-methylpropane 

>CH-CHi-NO, 

ch/ 

137-MO 

— 

2-Nltro-2-mothylpropane 

i 

;  CHj-C  NO; 

i 

126.5 

_ 

I  CH, 

- 

1-Nit  ropentane 

1 

CHj-(CHj)3-CHj-N02 

172— 173 

0.948 

1,4218 
(at  20®) 

l-Nitrohexane  | 

CH3-(CH2)4— CH,— NO: 

193— IW 

0,949 

1  - 

a)  Compo'jnd';  b)  Formula}  c)  Coiling  point,  ®C;  d)  Specific  gravity  at  15°; 

e)  Refractive  index 
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Dinitroparaffina  are  XU  colorless,  and  in  a  majority  of  cases  crystalline 
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substances,  insoluble  in  water,  and  readily  soluble  in  organic  solvents. 

In  the  priaian'  and  secondary  nitro  ccwipounds,  the  hydrogen,  standing  near  the 
carbon,  bound  to  the  nitro  group,  is  mobile,  and  therefore  these  nitro  compounds  are 
capable  of  undergoing  a  number  of  reactions  characteristic  thereof.  They  react  irtth 
aqueous  solutions  of  caustic  alkalis,  forming  water-soluble  compounds  with  the 
properties  of  neutral  salt$.  These  substances  are  MIX  salts  of  the  isonitro  cotpounds, 
and  constitute  strong  acids. 

Reaction  of  nitro  compounds  with  alkalis  follows  this  mectanism: 


^//O 

CHj-CH-N  <  e+Na  - 

I 

1  H  +  OHS 


CHj-CH-N 

II 


0® 

09 


Na*+  H,0. 


The  fact  that  the  neutral  nitro  compounds  are  isomerized  to  acid  isonitroO  compounds 
is  confirmed  by  the  fact  thiat  when  strong  acid  reacts  with  an  isonitro  compound  salt 
(II)  the  water-insoluble  nitre  compound  (I)  is  not  obtained  immediately.  First,  the 
»MariTyYe¥iii¥jcaMHreHi  isonitro  compound  (III),  which  is  readily  soluble  in  water,  is 
liberated,  and  it  undergoes  conversion  to  nitro  confound  (I)  only  gradually; 


CHj-Clk  N'’^ 


09 

0° 


Nil  ■■  - 

— N«Ci 


CH3-CH=^-nV 


H" 


111 


Cllj-CHj-N*’/  . 


isolate 

It  has  not  been  possible  to  XXjtXXXXX  the  simplest  isonitro  compounds  in  the  pure 
form,  because  their  conversion  into  true  nitro  cos^jounds  occurs  very  rapidly. 

It  is  possible  to  replace  one  hydrogen  latom  in  the  secondary  nitro  compounds,  and 
one  or  two  hydrogen  -tosis  in  the  primary  nitro  compounds  by  halide  atosis^as  a 
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consaquence  of  reacting  halogens  vdth  alkaline  solutions  of  the  nitro  eon^joiinls.  This 
results  in  the  following; compounds: 


R-CHBr-NO,; 


R  —  CBfj  —  NO}! 


Rv 

;CBr-NO,. 

R'/ 


The  reaction  with  nitrous  acid  is  characteristic  wnd  permits  differentiation  of 
the  primary,  seoondar;/  and  ternary  nitro  compounds : 

a)  the  primary  nitro  compounds  react  with  nitrous  acid  to  form  so-called  nitrolic 
acids: 


RCH,-NO}  +  ON-OH 


R-C'; 

\ 


NOH 

NO, 


+  H}0. 


The  alkallno  salts  of  nitrolic  acids  are  bright  red; 

1.)  the  secondar;"  nitro  compounds  react  with  nitrous  acid  to  form  so-called 
pseudonitrols: 

_  R  NO 

I-NO.+  HO-NO- 


In  the  cr^/stalline  state,  these  substances  are  colorless,  but  in  the  fused 
condition  and  in  solutions  (in  ether,  chloroform,  etc.)  they  have  a  bright  turquoise 
coloration; 

c)  the  ternary  nitro  compounds  do  not  react  with  nitrous  acid. 

Reduction  of  the  nitro  compounds  results  in  the  formation  of  the  primary  amines: 

CH,-NO,+6H  -»  CH,-NH,  +  2H,0. 

Thla  reaction  shows  t.hat  in  nitro  compounds,  the  nitrogen  atom  is  directly  boutxl 
to  the  carbon  atom.  On  the  contrepy,  in  reduction  of  isomeric  nitro  compounds  of 


nitrous  esters,'  In  which  an  alkyl  is  bound  to  oxygen,  one  obtains  alcohol  or  aamonla 


or  hydrojcylainine: 


CH,-  0-  N=  0  +  4H  -*  CH,OH  +  N  H,OH. 

The  products  of  reduction  of  nitro  compounds  in  an  alkaline  medium  are 

aldoximes  end  ketoxlmes.  It  is  probable  that  the  isonitro  compound  is  reduced  in 

♦ 

these  cases: 

R  CH-NO-OH  +  2H  -♦  R-CH=N-0H  +  H,0. 

Under  conditions  of  reduction  by  tin  and  hydrochloric  acid,  oximes  are  capable 
of  beinp  hydrolized,  and  docompose^H  to  form  hydrox;;/lamlne8  and  aldeh^'des  or  ketones. 

The  primary  and  secondary  nitro  compounds  enter  into  condensation  reactions  vd.th 
the  aldehydes  under  the  influence  of  alkalis,  to  yif  ld  nitro  ajcohols  (libl.lS), 
for  example: 

R  -  Cl  I  -  O  +  CHj-  NOj  R  -  CH  (OH)  -  CH,  -  NO,. 

Under  specific  conditions  (acid  reactions),  the  nitro  alcohol  obtained  may  be 
converted  to  a  nitro  olefin#; 

R-CH-  CHNO,. 

Primar;/  nitroparaffin^s  condense  more  readily  than  secondar7f. 

B.  Ma^or  Hitroparafflns- 

Section  1.  Mitromethane 

Nitromethane  CH3NO2  has  recently  found  application  in  a  number  of  countries  as 
a  rocxet-fuel  component  and  as  an  additive  to  diesel  fuel.  Its  use  has  been 
suggested  as  a  sulvmit  for  cellulose  nitrates  and  as  an  exp].oslve  in  e:q>losive 
ariiiing  operations  Ln  petroleuiti,  recovery  It  may  be  enyjloyed  as  a  starting  product 
to  produce  >KXBHijDt>  chloropicrin  (CCI3NO2),  tetranitromethane,  JQQUl  and  a  number  of 


e^qclosives. 
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Nitromethane  la  XMX  a  colorless  liquid,  boiling  point  101®,  freezing  point  -29® 


(Bibl.l9,  20).  Table  75  illustrates  the  specific  gravity  and  vlscosioy  of  nitromethane 

at  various  temperatures. 

,  >«* 

The  capacity  of  nitromethane  at  20® 

is  Cp  ”2.07  cal/mole/°C, 

Nitromethane  is  soluble  in  water  (about  9^. 
at  20®),  and  itself  dissolves  2.2%  water.  It  is 
miscible  with  virtually  all  organic  liquids,  and 
is  a  good  solvent  for  many  organic  and  inorganic 
substances,  including  cellulose  esters  and  certain 

resins . 

Nitromethane  is  a  reactive  substance.  Caustic  alkalis  induce  a  peculiar 
condensation  of  two  molecules  thereof,  leading  to  the  formation  of  methazonic  aci.d; 

2CH,NO,+2KOH ^N=CH-CH=N0K  +  3H,0. 

KO^ 

Nitromethane  and  excess  formaldehyde  forms  triatomio  alcohol: 

3CH,0  +  CH,-NO,  ->  (HC-CH,),C-NO,. 

!fcon  esterification  by  nitric  acid,  this  alcohol  will,  like  glycerol,  yield  a 
trinitrate  (O2N  -  0  -  CH2)3C  -  NO2  -  which  is  a  very  powerful  explosive. 

Nitromethane  is  an  explosive  having  a  negative  oxygen  balance.  Its  brisance, 
according  to  Hess,  is  25  nsn(with  an  auxiliary  TNT  cap  of  5  -  8  gm).  The  fugaoity  in 
the  Trauzl  block  is  klO  cc.  Shock  sensitivity  is  as  follows:  the  dropping  of  a  10  kg 
weight  from  a  height  of  25  cm  yields  0-8%  eoqolosion.  Velocity  of  detonation  is 
6600  m/sec  (Blbl.21). 


Table  75 


b) 

1 

/ 

1. 

10 

1,1490 

0,748 

2S 

1,1287 

0,625 

40 

1,1080 

1 

0,533 

a)  Temperature,  ®C;  b)  Density, 
gn/cm^;  c)  Ostwald  viscosity 


416 


216  Nitromethane  is  a  toxic  substancjs  (Bibl.22). 

Nitromethana  is  obtained  on  an  industrial  scale  in  gai^phase  nitration  of 

paraffin  h:5-dro carbons,  cind  also  by  a  number  of  indirect  methods  (Bibl.23,  24).  Direct 
nitration 

217  jyflnnHXCT  of  methane  has  not  yet  been  performed  on  an  industriaJ  scale.  Nitration  of 

provides 

methane  by  nitric  acid  in  the  gas  phase  under  laboratory  conditions  ymi**  a  nitromethane 
yield  of  abo'it  2^%, 

Of  the  method  of  producing  nitroparaffins  described  above,  the  method  involving 

I 

) 

the  production  of  nitromethane  from  dimethylsulfate  is  of  practical  significance: 

OCHj 

0,S  +2NaNOj->  2Cll3-N0,  +  NajS04, 

"OClia  Vi 

\ 

vfhlch  gives 

SMKJIXXXiiXl  a  yield  of  anout  6Ca'.  The  reaction  is  run  in  an  aqueous  solution,  firet 
at  60°,  and  then  at  120°,  in  the  presence  of  small  amounts  of  K2CC3  (Bibl.25). 

Nitromethane  may  also  be  o>tained  cy  reacting  chloroacetic  acid  vrith  potassium 
nltrit'i  or  sodium  nitrite  in  aqueous  solution.  The  nitroacetic  acid  HtX  resulting 
therefrom  decomposes  upon  roilir.g  vrith  water: 

ClIjCl  — COOH+  SaNO,  ->  CH,-COOH  CHjNOj  +  COj.  • 

I 

NO, 

Section  2.  Dinitromethane 

Dinitromethane  CH2(N02)2  was  first  obtained  in  1893  by  Quden  (Bibl.26).  Thanks 
to  its  exceedingly  high  reactivity  and  the  presence  of  two  mobile  hydrogen  atoms,  it 

e 

is  able  to  serve  aa  the  basis  for  the  production  of  polynltro  compounds.  MUmnw 

Dinitromethane  la  a  colorless,  free-flowing  and  volatile  liquid  with  a  characteristic 
sharp  odor,  recalling  that  of  methanoic  acid.  It  is  stabls  only  at  low  tenqDsrature, 
vdiereas  at  room  ter  lerature  it  decomposes  within  a  few  minutes  to  liberate  nitrogen 
oxide  (Bibl.26), 
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Di),iitr«n<ithane  may  be  driven  over  without  decompoaition  only  with  benzene  vapors. 

It  la  virtually  llQtXI  insoluble  in  cold  water  but  rather  soluble  in  warm  water  (Bibl.28). 
Ether  and  benzene  solutions  are  stable  and  may  bw  stored  for  a  long  time  (Bibl.26). 

StTxlies  of  the  ahsoriitlon  spectra  (Bibl.29,  30)  and  iXXSHi  the  electrical  iUtKX 
conductivity  of  aqueous  solutions  (Bibl,27)  have  shown  that  d initromethane  may  exist 
in  two  tautomv.Tic  forms: 

CHj(NOj),  NOjCH  -NOOH. 

I  II 

Free  colorless  dinitromethane  is  a  true  nitro  compound  (I),  In  anhj’drou's 
unpolarized  organic  solvents  (benzene,  ether),  dinitromethane  also  exists  in  the  form 
of  a  true  nitro  compound,  in  which  case  the  solutions  are  colorless. 

Dinitrometh'ane  ''.as  a  tendency  to  convert  to  the  acy  form  (II),  solutions  of  which  . 
are  .’'ellov/.  Conversion  of  dinitromethane  goes  more  rapidly  when  water  is  added.  In 
aqueous  solution,  tX  ainitromethane  is  a  monobasic  acid,  similar  in  strength  to 
methanoic  acid.  The  dissociation  constant  of  the  aoy  form  cf  dinitromethane  is 
1.4.3  ’  ]0~^  at  0°  and  2. ''8  •  ICr^  at  25°.  In  aqueous  solutions  of  dlnitromethcine, 
equilibrium  exists  between  the  true  nitro  compound  and  the  acy  form.  In  very  dilute 
solutions,  this  equilibrium  is  '/holly  shifted  to  the  acy  form: 

HjC(NO,)s  ^  NO,CH=NOOH  NOjCH-=  NOQs  +  H'B. 

When  alkali  is  added,  the  equilibrium  is  shifted  EC  to  formation  of  the  acy  form, 
and  when  acid  is  added,  in  the  direction  of  the  time  nitro  compotuid.  In  a  strong 
218  sulfuric  acid  solution,  dinitromethane  exists  only  as  the  true  nitro  oon^jound . (Bibl.30, 

31). 

In  Its  chsmlcal 

W¥Ty¥BiBnniiBiM  character,  dinitromethane  is  a  rather  powerful  monobasic  acid. 

An  aqueous  solution  thereof  yields  an  acid  reaction  to  litmus  paper  and  to  methylorange. 

418 


In  the  presence  of  dinltronethane,  free  Iodine  Is  liberated  from  a  mixture  of 


potassium  Iodide  and  lodate 


(Blbl.27).  Dinitromethane  decomposes  salts  of  carbonic. 


sulfuric,  anl  nitrous  acids. (Bibl. 26),  It  readily  forms  salts  with  inorganic  and 

organic  bases,  for  example,  when  mixed  with  ammonium,  barium,  and  copper  carbonates 

or  hydroxides  with  dinitromethane  in  ether  .solution.  An  aqueous  solution  of  its 

The  completely 

potassium  salt  yields  a  neutral  reaction,  pure  pofcassium  salt  is  stable 


and  ma:'  be  stored  in  the  open  air  for  a  long  time. 


Salts  of  dinitromethane  explode  when  heated  to  over  100®.  7hen  dinitromethane  is 
reduced  in  an  acid  medium,  ammonia  is  liberated,  tut  if  reduction  is  performed  in  water 
by  a  sodium  amalgam,  the  result  is  so-called  methr iazouronic  acid  -  a  crystalline 


eiit'Stance  ifcX  that  explodes  at  9?°. 


When  dinitromethane  is  treated  with  bromine  water,  i';  converts  to  yiltiHliiiMHilKyKX 
dlbroraodinitromethane  (J'ibl.26).  The  effect  of  free  halides  upon  the  potassium  salt 


of  dinitromethane  in  the  presence  of  caustic  result;,  in  the  formation  of  jiiitMHmiX 
potassiumhalidedinltrometh.ane 


KitlMiiimiKimmitKmUi  (Bdbl.32).  However,  if  potassiumdinitromethane  be 

treated  with  excess  bromine  in  neutral  solution,  bromodinitromethane  is  formed  (Bibl. 33), 

Dinitromethane  readily  reacts  by  condensation  with  formaldehyde  and  amines  to  form 
dinitroamines.  It, is  capable  of  attaching  to  activated  double  bonds.  Usually,  the 
potassium  salt  of  dinitromethane  is  employed  for  this  type  of  reaction. 

Dinitromethauie  is  obtained  by  acidification  of  an  aqueous  solution  of  its 
potassium  salt,  accOTipaniod  by  cooling.  This  latter  is  obtained  in  turn  from  the 
more  accessible  organic  compounds,  for  example,  dibromodlnltromethane; Br2C(N02)2, 
Dinitromethane  may  also  be  "obtained  from  symetr^cal  idipotassi'imitetranitroethane: 


* 

KOON 


H,SO, 

C-C-NOOK - •  2CH,(NO,)s. 

I  I 


kl9 


NOjNOj 
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Section  3.  Trlnitromethane 


Trinitromethane  CH{N02)3  (nitroform)  was  first  obtained  in  1857  by  L.N.Shlshkov 
(Bibi.34.).  In  view  of  the  exceedingly  high  reactivity,  M  it  is  capable  of  being  widely 
used  for  the  synthesis  of  polynitr^ompeunds.  With  this  object,  nitcoform  or  a  salt 
thereof  is  condensed  with  nitro  compounds  or  aldebj-de.  Condensation  with  aldehydes 
results  in  the  formation  of  nitro  alcohols,  the  nitrates  of  which  are  powerful  exfilosives. 

Pure  anhydrous  nitroform  is  a  colorless  crystalline  substance  having  a  iUQQQUQUili 
characteristically  sharp  odor.  The  melting  point  is  not  exactly  known,  but  it  is 
apoarently  in  the  range  of  23  -  25°  (PiL'1.19,  35)*  The  Veiling  point  is  4-5  -  4^°  at 
22  mm  Hg  (Bibl,36).  The  specific  gravityis  d^^  =  l.ol  (Pibl.18). 

Nitroform  readil;/  absorbs  moisture,  and  acquires  a  yellow  color  as  a  consequence. 

It  is  readily  soluble  in  water  and  in  the  common  organic  solvents.  Solutions  of 
nitroform  in  water,  alcohol,  acetic  acid,  and  aqueous  ether  are  yellow.  Solutions  in 
219  anhjmlrous  benzene,  chloroform,  carbondi sulfide,  ligroin,  ether,  and  in  strong  sulfuric 
or  h.'S'drochloric  acids,  are  colorless  (Bibl,37).  The  yellow  color  relates  to 
isomerization  of  the  nitroftirm  to  the  acj  form: 

H  C(NO,),  ;:i(NO,),C  . 

I  II  'OH 

In  aqueous,  mildly  acid,  and  basic  media,  nitroform  exists  WMi^in  the  aojr  form. 

(II),  in  a  medium  of  very  strong  H2S0/^,  HVOj,  and  other  acids,  as  well  as  in  *he 

anhydrous  condition,  it  exists  in  the  form  of  nitiro  compound  (I).  The  nitroform  explodes 

vdien  rapidly  heated.  An  attempt  to  drive  it  off  at  atmospheric  pressure  results  in 

decoqjosition  at  100°  (Bibl.34}«  Vw  Nitroform  may  be  distilled  without  decoii9)osition. 

Under  ordinary  clrctawtancea,  it  ia  relatively  stable,  and  nay  be  preserved  without 

undergoing  change,  in  the  cold.  Strong  mineral  acids  decomposs  tdw  nitroform  (Bibl. 34)37). 
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Tb«r liitrofonn  is  a  very  strong  acid  (Bibl,37) 


It  readily  forms  salts 


with  inorganic  and  organic  bases.  All  these  salts  are  substances  light-yellow  in 
color.  Riey  ZXX  lack  odor  and  have  little  stability  In  the  dry  condition.  Inorganic 
salts  deccwpose  after  a  few  hours,  converting  to  nitrates  in  accordance 

with  the  equation: 

2  (NOj),  C  -  NOOMe  -*  2MeN03  +  2COj  +  2NO  +  Nj. 

Solution  of  these  salts  in  water  is  not  accompanied  even  by  the  slightest  signs 

of  h.i’dro lysis.  The  resultant  yellow  solutions  have  a  neutral  reaction. 

of 

The  potassium,  ammonia,  and  sodium  salts  HgjtXUrXIKK  nitroform|)|  are  obtained  by 
reacting  a  weak  solution  of  alkali  with  tetranitromethane  in  the  presence  of  a  reducing 
agent.  T>'i3  is, a  side  process  of  the  formation  of  the  carbonate.  The  reaction  goes 
as  follows: 

C(N0,)4  +  2K0H  (N03)8C-=NO,K  +  KN03  +  H50; 

C(NO,),  +  6KOH  -*  4KN08+K,C03  +  3HjO. 

The  potassium,  sodium,  and  ammonia  salts  are  derivatives  of  the  acy  form  and  are 
therefore  .vellow  in  aqueous  solution. 

The  silver  and  mercury  salts  of  1)40  nitroform  are  tautomeric  compounds  capable 
of  existing  in  two  forms.  Solutions  thereof  in  ether,  benzene,  and  chloroform  are 
colorless.  Salts  freshly  crystallized  out  of  those  solutions  are  also  colorless 
cr.vstals.  Solutions  in  alcohols,  XiOS  acetone,  and  glacial  acetic  acid  are  weakly 
yellowish.  Acqueous  solutions  are  strongly  yellow,  carry  electric  current,  and  are 
quite  acid.  IX 

Thus,  the  hydrogen  of  nitroform  Is  IQUIX  capable  of  being  substituted 
« 

both  in  the  ac;  form  and  in  the  pseudo  fora.  Reaction  with  bases  results  in  replacement 
of  the  hydrogen  not  only  by  metals  or  organic  residues,  but  also  by  |EX  haljdes,  for 


4.21 
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exunpla,  chlorina,  with  formation  of  chloroplcrin: 


C(NO,),H+Cl,  -  CCI(NO,),  +  HCl. 

or  by  nitro  group,  with  formation  of  tetranitromethane: 

C  (N0,)3H  +  HNO,  —  C(NOj).  +  H,0. 

iiitroform  is  capable  of  undergoing  condensation.  Of  particular  interest  is 
condensation  thereof  with  formaldehyde,  as  a  consequence  cf  which  trinitroethylalcohol 
is  fomed; 

CH(NO,)3+CHjO  —  (NOJaC-CHjOH, 

220  which  is  a  powerful  e^losive.  Because  of  its  hygroscopicity  and  low  stability,  it 
has  nofjf  practical  value. 

^5»  Viitroform  is  canable  of  ccmtining  with  unsaturated  compounch  at  the  double  or 
triple  bond.  •  For  example,  it  combines  with  acetylene  as  follows: 

Ilf  (MM, 

CH  CIH-CI1(N0,)3 - » 

cii  (No.)  ,  (NOs)3C  ■  Cl  1,  -  Cl  I3  •  C (NOj)! 

-»Cll3  CII-C(N0,)3 - C  II 

"(N03)3C-CII-C(N0,)3 

CII3 

Its  salts,  and  particularly  the  silver  salt,  are  capable  of  condensing  with 
aromatic  compoiuids, 

lyae  kitroform  is  an  explosive.  It  can  be  detonated  by  shook  or  a  capsule. 

The  simplest  and  most  convenient  method  of  produolag  ti4*-nltrofonn  is  decomposition 
of  tetranitromethJine  by  an  aqueous  solution  of  caustic  potash.  The  reaction  follows 
the  following  equation: 

•  C  (N02)4+  KOCjHs  ->  KC  (NOo)3  +  c,l  IjONOj. 

Pree  nitroform  is  liberated  bys  adding  XX  excess  strong  sulfuric  acid  to  an  aqueous 
solution  of  a  salt  thereof: 

KCtNOjla  +  HsSO,  HC  (N02)3  +  KHS0,. 
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The  liberated  oily  product  is  extracted  with  ether.  After  the  ether  has  been 
driven  off  in  vacuum,  Ifle  nitrofonn  rwnains  as  a  volatile,  bad-smelling  oil,  which, 
after  solidification  in  a  freezing  mixture  and  JUQi  separation  over  porous  clay,  fonns 
virtually  colorless  crystals  that  melt  at  25°.  The  next  ■Section  describes  the  method 
of  obtaining  nitroforra  from  acetylene . 

Section  4-.  Tetranitromethane 

Tetranitromethane  C(N02)4  was  obtained  in  1857  by  L.N.Shishkov  by  the  nitration 
of  trinltromethane  (Blbl,34). 

The  absence  of  a  dipole  moment  in  tetranitromethane  testifies  to  the  sjTnmetrical 
structure  of  Its  molecule.  This  refutes  the  hypothesis  of  certain  investigators  to 
the  effect  that  the  molecule  contains  one  nitrite  group  0  -  NO  and  three  nitro 
groups  -  NO2. 

Tetranitromethane  contains  a  considerable  amount  (about  50?)  of  active  oxygen: 

C-CNOs).  -*  C0j4-2N,  +  30j. 

This  property  was  employed  in  Oermany  to  make  let  fuels  on  the  basis  thereof 
(Pibl. 38). 

Tetranitromethane  is  a  very  free-flowing,  volatile,  transparent,  and  colorless 

liquid  with  a  sharp  odor.  Its  iijBWl  specific  gravity  is  „  2.65  (Bibl.39),  its 

40 

freezing  point  14.2°  (Bibl.40),  its  viscosity  at  20°  is  0.0177  poise  (Bibl.42).  The 
technical  product  freezes  at  13.5  -  13.8°.  The  boiling  point  of  tetranitromethane  is 
126  -127°  (Bibl.4l)»  Upon  boiling,  it  partially  dectxDposes  into  CO2  and  nitrogen 
oxides. 

Tetranitromethane  is  not  hygroscopic,  virtually  insoluble  iQilX  in  water,  glycerol, 

e 

and  other  multiatomic  alcohols.  It  is  readily  soluble  in  many  organic  solvents:  toluene. 
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b«nzene.  dichloro«thane,  «tc..  Whan  these  solutions  are  cooled  below  the  freezing  point 


of  tetranltromethane  (below  the  solubility  diminishes  shafply,  and  the  product 

crystallizes  out. 

Several  organic  substances  such  as  TNT,  paraffin,  anrl  naphthalene,  are  miscible 
vd.th  tetranltromethane  in  any  ratios  at  temperatures  above  their  melting  points.  Upon 
cooling  of  these  mixtures,  the  substances  dissolved)  crystallize  out. 

Tetranltromethane  is  insoluble  in  sulfuric  acid.  Nitric  acid  and  tetranltromethane 
are  mutually  soluble.  At  SJ  it  dissolves  22  -  2U  volumes  of  98  -  9S,6%  HNO3.  As 
the  strength  of  the  HNO^  diminishes,  its  il  solubility  diminishes.  Tetranltromethane 
readily  dissolves  nitrogen  oxides,  and  a  mixture  of  various  volumes  of  these  substances 
has  a  freezing  point  of  -3^°  (f.(lbl.43). 

Tetranltromethane  is  volatile.  Even  at  0°,  tnere  is  a  perceptible  odor  reminding 
one  of  the  nitrogen  oxides.  It  is  read.ly  distillable  with  steam.  The  fumes  have  an 
irritating  effect  upon  the  mucuons  membrane,  cause  tearing,  running  nose,  and  cough. 
Continued  inhalation  of  the  f^unes  has  a  poisonous  effect  upon  the  organism. 
Tetranitromethanes  are  readily  absorbed  by  activated  charcoal. 

Pure  tetranltromethane  presents  a  neutral  reaction.  Upon  standing  it  becomes 
acid^  due  to  decomposition.  Decomposition  proceevls  most  actively  in  the  presence  of 
water! 

HOil 

C  (NO,),  d:dCH  (NO,)3+HNOj. 

The  quantity  of  acid  products  formed  is  rsadily  determined  by  titration  with 
alkaif!  Both  decomposition  products:  HNO3  and  CH(N02)3  tC  are  titrated  (Bibl.44). 

Decomposition  of  the  tetr^itromethane  usually  proceeds  to  equilibrium  at  an  • 
acidity  of  about  0.1  -  0,2%  in  terms  of  HNO3.  If  the  acid  decomposition  products  arc 


221 


rtmovcd  by  wajhlng  with  water,  decomposition  of  the  next  batch  of  tetranitrooethane 


2?'' 


will  occur,  and  so  forth  until  the  entire  product  is  decomposed. 

« 

Tetranltromethane  is  stable  in  acid  media  and  may  be  stored  for  years  in  this 
conditions.  Therefore,  the  technical  product  is  stabilized  by  acidification  with 
sulfuric  acid,  or  with  nitrogen  m  oxides  to  an  acidity  of  0.'  -  0.2%,  In  this  form, 
it  may  be  stored  in  iron  apparatus. 

decomposition  of  tetranltromethane  in  an  alkaline  medium  may  be  expressed  by  two 
equations: 

C(NOj).  +  6KOH  —  KjCO3+4KN0j  +  3HjO; 

C  (NOj),+  KOH  +  CjUjOH  -*  C  (NO,)3K  +  CjHsONO,  +  HjO. 

.Vith  aqueous  solutions  of  alkalis,  what  occurs  is  primarily  nitrite  decomposition, 

properties  of 

■ut  with  alcohol  solutions  it  is  nitroformed.  The  specific  tetranltromethane 

include  its  ability  to  produce  a  dark  discoloration  IX  with  organic  substances  containing 
imsaturated  bonds. 

Tetranltrometheme  is  a  weak  explosive,  has  little  sensitivity  to  shook  and  to  other 
types  of  Initial  impulse.  Its  explosive  properties,  computed  on  the  basis  of  the 
theoretical  decomposition  equation,  are  the  following;  heat  of  oxplosl'/e  decomposition  - 
580  kcai/kg,  temperature  of  explosion  2900°,  volume  of  gaseous  explosion  products  - 
b'VO  Itr/kg,  velocity  of  detonation  -  6300  m/sec. 

Mixtures  of  tetrauiitromethane  and  organic  subet.  ices  are  usually  explosives.  Some 

100^  in  povrer.  However, 

of  them  exceed  TNT  by  50  to  such  mixtures  are  highly  sensitive 

and  therefore  very  dangerous  to  handle. 

Only  substances  £C  soluble  in  tetranltromethane,  but  which  do  not  react  with  it, 
may  be  enployed  as  fuels. 
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Pure  tetranltranethane  Is  a  substance  that  presents  virtually  no  danger.  However, 
in  working  with  it,  it  is  necessary  ]Qi  rigidly  to  obgerve  precautions,  and  coBpletely 
to  ollminate  the  possibility  of  contamination  of  tetranltromethane  by  organic 
substances  of  any  kind. 

U  ' 

Production  of  tetranltromethane.  The  literature  describes  more  ^ten  methods  of 
producing  tetranltromethane,  but  only  a  few  of  these  deserve  attention  from  the  view 
point  of  recommendation  for  industrial  purposes. 

1.  The  acetic  anhydride  method.  Acetic  anhydride  reacts  with  jUBfUXStilXXM  strong 
nitric  acid  at  25  -  30°,  in  accordance  with  the  following  equation: 

4  (CHjCO),  O  -j-  4HNO,  ->  C  (NOj),  +  7CH,COOH  +  COj. 

The  initial  substances  are  irdxed  in  stoichiometric  ratio,  arid  are  allowed  to 
stand  from  5-7  days.  The  temperature  of  the  reaction  mixture  has  to  be  25  -  28°. 

After  standing  13M  for  5  -  T  days,  ‘he  tetranltromethane  liberated  in  the  form  of  a 

1.'  ' 

heav;.-  oil  on  the  bottom  of  the  vessel.  It  is  decanted  steam-distilled.  Tetraiiitromethan^ 

is  purified  by  repeated  steam  distillation,  and  is  dessicated  with  calcium 

chloride.  The  product  yield  is  70  -  75%  of  the  theoretical. 

The  raw 

Utt  materials  consumed  per  ton  of  finished  product  are:  1.8  ton  HNO^  (monohydrate) 
The  1 

and  3  ton'>(GH3C0)20,  •  jicetic  anhydride  may  be  recover'^,  in  which  case  the  absolute 
consumption  of  acetic  iQU2  anhydride  is  about  0.6  ton. 

duration 

A  shortcoming  of  the  acetic  anhydride  method  is  the  of  the  process. 

2.  Destructive  nitration.  When  dlnltrobenzene  or  other  mono-  and  dinitro 

severe 

derivatives  of  the  aromatic  hydrocarbons  are  nitrated  lender  iHjpHHWi  condltlone 
(high-temperature,  strong  nixed  acid),  the  reaction  proceeds  in  two  dlreoibions: 

HNO,  ^  .  • 

C,H,(NO,), C,H,(N0,),  +  H,0: 

•l-ISHNO, 

- ►  3C  (NOs),  +  3CO,  +  8H,0  +  2NO. 


Vm  con»«quence  of  the  low  yield*  of  both  products,  the  method  is  not  economical 


Moreover,  the  process  is  very  dangerous  at  high  temperature. 

3.  Mitration  of  acetylene  (Blbl.45,  46).  The  action  of  acetylene  with  strong 
nitric  acid  proceeds  through  several  stages  and  may  be  described  b'.-  the  following 
suanary  aquation: 

SC,H,+38HN03  ->■  3C  (N03)«  +  24HjO  +  7CO,+26NO,. 

Thus,  approximately  60?  of  the  acetylene  is  converted  into  tetranitromethane,  and 
the  remainder  is  oxidized.  The  process  apparently  may  be  expressed  by  the  following 
mecheinism: 


CH=CH  +  HNO,  -  (NO,)  CH=CH  (OH) 

(NO,)  CH=CH(OH)  +  HNO, 

—  (NO2)sCH-CH(0H), 

(N0,),CH~CH(0H),  H,04  (N02)2CH-C^^^ 

O 

(N0j),(;ii-C'  +HN03-- 

II 

0 

-  .  IlNOj+lNOjIjCIl-Cl^ 

'  OH 

O 

(NOj),CH-<;  CC,  +  {N0,),CH, 

OH 

(N0,),CH,  +  HN03->  H,0  +  CH(NO,), 

CH(N0,)j  +  HNO3-»  H,0  +  C(N0,), 

The  last  of  these  reactions  occurs  in  the  presence  of  sulfuric  acid.  Nitrofvorm  is 

of 

produced  as  an  intermediate,  and  mav  be  isolated  by  nitrogen  dioxide  extraction  0° 

A 

(Bibl.38), 

The  possibility  of  converting  acetylene  to  trinitro-  and  then  to  tetranitrranethane 
by  nitric  acid  reaction  was  discovered  in  i?00.  However,  the  product  yield  was 

20  •  25?.  In  1920,  mercury  nitrate  came  to  bo  used  as  promoter,  and  the  yield  was 

« 


oxinitroethylene ; 

dioxidinitroethane; 

dinitroaoetic 

aldehyde; 

dinitroacetic 

acid; 

dinitromethane; 

nitroform; 
tetranitromethane . 


oxides  ha vs 

increased  to  kO  ~  U5%»  Subsequently,  it  was  found  that  nitrogen  a 

positive  effect  upon  the  yield,  and  particularly  upon  the  process  rate.  It  was  also 

found  that  certain  metals  (Fe,  Ni,  Co,  Al)  are  inhibitors  of  this  ocess.  Consideration 
made 

of  these  factors  iUUi  it  TMjtxuMTltTli  possible  to  increase  the  yield  of  tetranitromethane 
to  9052. 

U,  Nitration  of  ketene  (Bibl.47).  Tetranitromethane  kX  is  ootained  by  slowly 
admitting  ketene  (produced  by  p.’.Tolysis  of  acetone)  into  kkkIXkXkk  cooled  strong  nitric 
acid.  At  the  conclusion  of  the  reaction,  the  mixture  is  poured  over  ice,  and  the 
tetranitromethane  which  settles  out  is  separated.  The  yield  is  90a>,  The  reaction 
follows  this  equation 


4CHj =CO  +  4HNOi  ^  C  (NO.),  +  CO,  +  3CH3COOH. 
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PART  II 
NITROAMINES 


CHAPTER  yil 


GENERAL  DESCRIPTION  OF  NITROAMINES 


Tha  pol;,Tiitro  derivatives  of  the  amines  are  widely  employed  as  high  explosives. 

This  class  includes  RDX  and  TOT,  which  are  brisant  explosives  widely  employed  in  the 

manufacture  of  detonators  and  caps,  as  well  as  in  the  filling  of  munitions. 

The  iritial  materials  for  the  production  of  nitro  amines  are  the  amines  of  the 

aromatic,  heterocyclic,  and  aliphatic  series,  nitric,  sulfuric,  and,  in  a  nianher  of 

instances,  also  acetic  acid  and  acetic  anhydride.  The  production  of  these  explosives 

is  more  dangerous  than  that  of  the  nitro  compounds  in  view  of  their  high  sensitivity 

to  temperature  and  mechanical  influences,  as  well  as  their  high  tendency  to  detonate. 

The  pol.'.'nitro  amines  are  usually  obtained  by  nitration  of  the  corresponding  amines, 

in  which  the  nitro  group  may  replace  either  hydrogen  at  the  carbon  (=CH  .  2C  -  NOp), 

-H2O 

or  the  hydrogen  at  the  nitrogen  (“NH  «N  -  IBlo).  In  the  first  case,  the  result 

■  -H20^ 

is  a  C-nltro  compound  and  in  the  latter  a  N-nitroamine . 

The  formation  of  nitro  compounds  under  the  effects  of  nitric  acid  or  mixed  acid 

anisr: 

(so-called  Cflnitration )  proceeds  in  accordance  with  the  previously  described. 


The  nitrating  agent  in  N-nitration,  vrtien  strong  nitric  acid  or  mixed  acid  is  ’reacted 

with  an  amino  oonqjound  will  also  be  the  nitroniim  cation  NO2®  (Bibl.62),  and  the  reaction 

S) 

will  also  go  l]QUt  in  two  stages:  addition  of  N02^and  subsequent  detachment  of  the 
replaced  hydrogen  by  the  proton  acceptor  (Bibl.3).  However,  in  performing  this  reaction. 
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22U  it  Is  nscessary  to  take  into  consideration  the  presence  £i^R^adlly  oxidized  ^Ba*H  amino 

jPUXXX  group  in  the  eempound.  Therefore,  in  order  to  prevent  or  at  least  to  reduce 

oxidizing  processes,  the  amino  group  is  stabilized  or  as  they  say  protected  either* by 

obtaining  a  salt  (usually  by  means  of  sulfuric  acid)  or  an  acyl  derivative  (by  XK  means 

of  acetic  acid).  The  product  obtained  is  then  nitrated, 
reactivity 

In  N-nitration,  XMMXBfltlHXX  is  higher  them  in  C-nitration  of  the  unsubstituted 
kenzene.  Thus,  for  example,  the  unshared  electrons  of  the  nitrogen  atom  in  XXUCtXMi 
trinitropiieny  l-N-methylamine  are  taken  up  by  the  the  nitronium  cation  1,5  times  faster 
than  the  unsaturatoa  ii-electrons  in  benzene,  but  at  only  I3K  1/17  the  rate  observed 
in  toluene  (Bihl.3), 

According  to  Lang  (Bibl,/*.),  N-nitration  caused  by  vfeak  nitric  acid  occurs  in  the 
presence  of  nitric  oxides  via  the  fcrmation  of  t!ie  nitro  derivative  (by  the  effect  of 
225  the  nitrosyl-cation  NO^ ,  which  is  also  analogous  to  the  mechanism  of  C-nitration. 

In  choosing  a  solvent  for  nitration,  it  is  necessaiy.-  to  bear  in  mind  the, possibility 
that  it  may  change  the  guiding  effect  of  Xi  the  amino  group.  In  sulfates,  the  amino 
or  alkyl  amino  group  direct  the  nitro  group  partly  to  the  meta-position  (Eibl.S),  while 
ac;-lated  allc.'l  amino  groups  age  directed  solely  to  the  ortho-  and  in  some  degree  to  ' 

','e  uara-position. 

The  direction  of  the  nitro  group  entering  the  ring  is  determined  in  a  number  of 
cases  by  the  concentration  of  sulfuric  acid  in  the  nitrating  mixture.  Thus,  if  in 
the  nitration  of  acetanilide  the  nitrating  mixturesrinclude  not  1CXD5S  but  78.8%  sulfuric 
acid,  the  yleld^ara-nitroaniline  vd.ll  drop  to  23.6%,  vdth  a  corresponding  rise  in  the 
yield*  of  the  ortho-isomer*  This  is  of  practical  significance,  if  v*e  bear  in  miid  that 
the  nitration  process  always  is  acconqDanied  hy  the  formation  of  v«ter  diluting  the 

h30 


MX 
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nitrating  mixture 


In  nitrating  various  aniline  derivatives,  it  was  oliserved  that  the  formation  of 
the  N-nitroaniine  facilitates  the  presence  in  the  ring  of  a  nitro  group  in  meta-position 
with  respect  to  the  amino  group. 

In  some  cases,  N-nitration  goes  through  the  stage  of  salt  formation.  Thus,  in 
reacting  dilute  nitric  acid  with  the  amine,  the  consequence  is  a  nitrate  salt,  because 
of  the  fact  that  the  amines  are  of  weak  basi#JKi  Subsequent  treatment  of  the  salt  tnus 

V  ■ 

obtained  with  strong  nitric  acid  or  acetic  anh^.^dride  (Pibl,^)  results  in  the  prob.uction 
of  iJ-nitroamine.  It  would  appear  that  this  stage  involves  a  stage  of  dehydration 
of  the  salt,  accompanied  by  formation  of  N— nitroamlne,  for  example,  in  accordance 


with  the  reaction: 


At  — Nils  MNO3--  At  NH-NO;  f  lljO. 


Some  N-nitroamines,  such  as  nitroguanidine,  MXiii  or  nitro  urea  are  produced 
specifically  via  the  nitrate  salt  as  intermediate,  deh’dration  of  the  salt  being 


performed  by  sulfuric  acid. 


The  reaction  follows  these  mechanisms: 


for  primary  amines 


0  -11,0 


HN.'h-MINO,  -  .  RNH3NO3 - RNH  NO; 


for  secondary  amines 


)NII  +  HN03--  NHnNo 
R 


>f  e  -11.0  R; 


nN  no... 


Secondary  and  tertiary  aromatic  amines,  such  as  methylaniline,  ,X3Qa  ethylaniline, 
or  diethylaniline  are  converted,  by  the  vigorous  effect  of  fuming  nitric  acid,  to 
monoalky l-N-nitroamines,  and,  where  the  tertiary  amines  arc  concerned,  cleavage  of 


one  alkyl  group  occiurs.  Simultaneous  with  this,  nitration  of  the  aromatic  ring 
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occurs  (Bibl.7): 
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+HNO,  y'-‘h. 

Cells '-NH-CHj  -TFTS-  CeH;(NO:)3N^^^  . 

• 

The  entry  of  the  nitro  group  into  the  ring  of  an  aromatic  amine,  i.e.,  formatioi; 
of  tne  nitro  compound,  occurs  as  a  consequence  of  two  reactions:  regrouping  of  |UUUijtX 
phenylnltroamine  (which  is  promoted  by  acid)  and  nitration  by  nitric  acid.  A. I. Titov 
(Bibl.9),  and  Hughes  and  Ingold  (Bibl.lO)  hold  that  this  regrouping  is  intramolecular 
in  nature  and  proceeds  through  iiX  intermediate  formation  of  cation  by  attachment  cl 
KKM  a  proton  to  the  amine  nitrogen.  This  last  explains  the  need  to  have  an  acid  medium 
in  order  for  br.is  reaction  to  go.  Subsequently,  Hughes  and  otiiers,  employing  t.afle"d, 
nitrogen,  obtained  direct  proof  of  the  intramolecular  nature  of  tre  regrouping  (Eibl.lO). 

Weakly  rasic  amines  nitrate  readily,  whereas  strongly  basic  amines  nitrate  only  in 
the  paiUiKS  presence  of  a  promoter  (chlorides  are  usually  employed). 

The  amine  nitration  reaction  is  KIX  not  infrequently  accompanied  by  a  breaking 
of  the  C-N  bond,  the  consequence  of  which  another  organic  molecule,  most  frequently 
alcohol,  which  is  then  etherified,  is  formed  simultaneous  with  the  N-nitroamine . 

Nitration  witj*  MSQEOOOnHilKXKK  breaking  of  the  C-K  bond  is  called  nitrolypis  and  may  be 
dep^'eted  by  the  following  mechanisms: 

a)  nitrolysis  with  alcohol  formation 

RoNClIjR'  +  MONOi  -  •  RjN-NOj+HO-CH„R' 

NOj-O-CHjR'; 

b)  nitrolysis  with  formation  of  a  free  alkyl  cation  (forming  a  nitrate  ester 

under  the  influence  of  the  ion) 

RjNCH,R'  +  NO*-*  -CHjR'  -*  R,N •  NO,  +  CHjR 

R'  1  i  +  NOf 

NO,  N0,-0-CH,R. 
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The  reaction  by  which  RDX  is  fomed  via  nitration  of  urotropine,  which  detaches 


the  -CHj  I  'CHo-, grouping,  is  a  nitrolysis  reaction.  In  addition  to  RDX,  an  alcohol 

Ck2 

nitrate  ester  is  formed,  specifically,  methyleneglycoldinitrate 


ONOj 

ONOo 


A  considerable  amount  of  nitrating  agent  is  consumed  in  producing  N-nitroamines , 
anti  the  reaction  is  usually  run  at  low  temperature,  because  of  the  low  stability  of 
the  side  product.  These  process  conditions  result  in  a  considerable  consumption  of 
materials  (raw  material,  cooling  agent;  when  they  are  performed  on  a  factory  scale, 
and  lead  to  a  high  product  cost. 

On  the  industrial  scale,  the  production  of  certain  N-nitroamines,  specifically 

both  hj' direct 

cyclotrimethylenetrinitroamine  (hexogen)  is  conduoted?<l{|’XMn  nitration  of  amines  and 
by  an  indirect  method:  condensation  of  itX  '’ormaldehyde  with  anmonium  nitrate  in  the 
presence  of  a  promoter  (FF^).  In  some  cases,  this  is  economically  more  desirable  than 


direct  nitration  of  the  amine. 


A.Lajn't)erton  (Pit  1.11)  holds  that  N-nitroamines  may  be  regarded  as  amides  of 

ntric  acid.  If  one  hydrogen  atom  in  the  simplest  inorganic  N-nitroamine  NH2NO2  be 

replaced  by  alkyl  or  aryl  groups,  the  result  is  the  primary  N-nitroamine  ArNH  *  NO2. 

If  both 

MlOiXX  hydrogen  tXMiWXiUa  atoms  are  replaced,  the  result  is  the  secondary  N-nltroartlne 
Ar2N  •  NOa. 


The  nitroamides  (primary  and  secondary)  may  be  included  among  the  I-nitroamines . 
The  difference  between  the  two  lies  in  the  fact  that  in  the  latter,  I  one  group  (Ar) 
*  ie  acid  (for  exaa^le,  acyl,  sulfanyl,  etc.). 

The  behavior  of  the  C-nitroamlnes  and  their  properties  are  analogous  to  the 
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226  properties  of  the  nitre  co^npounda,  inaamuchJlMXIIX  the  nitro  group  therein  is  directly 
attached  to  the  carbon  atom. 

The  behavior  and  properties  of  ti^g.J'Jrnitroamlnes  differ  sharply  from  the 
properties  of  the  nitro  compounds,  as  the  nitro  group  therein  is  attached  to  the 

t 

nitrogen  atom.  This  bond  of  the  nitro  group  is  weaker  than  a  direct  bond  to  carbon. 
This  is  the  reason,  as  a  rule,  for  the  fact  that  the  N-nitroami nes  are  less  stable  than 
the  nitro  compounds.  The  K-nltroamines  are  usually  more  sensitive  to  mechanical 
effects,  and  therefore  many  explosives  of  this  class  are  employed  to  fill  shells,  only 
in  the  phlegmatized  form. 

Characteristic  reactions  for  the  N-nitroamines  are  reduction  by  hyd rogen . ard  the 
effect  of  3  dfuric  acid.  When  primary  N-nitroamines  are  reduced,  hydrazine  derivatives 
result,  whereas  the  reduction  of  secondary  N-nitroamines  results  in  the  formation  of 
alky] hydrazine.  Vigorous  reduction  of  alip.-l hydrazine*  results  in  reduction  of 
alkyiamine  and  ammonia. 

Wren  strong  sulfuric  acii  is  reacted  with  N-nitroamines,  the  nitro  group  attached 
to  the  nitrogen  cleaves  away.  The  primary  N-nitroamines  are  particularlv  readily 
sub.leot  to  decomposition.  Under  the  influence  of  dilute  sulfuric  acid,  alcohol  and 
are  forW^ 

RNH-NOj  --  ROH  +  NjO. 

227  The  secondary  W-nitroamin*  are  more  stable  to  sulfuric  acid  and  decompoeition 

sets  in 

frequently  MXXMiUfXK  only  at  high  temperature. 

Strong  sulfuric  acid  induces  cleavage  of  the  M-nitroaaiines  of  the  alipiiatic  or 
.  heterocyclic  eerles,  acco^)anled  by  vigorous  liberation  of  nitrous  o:{lde.  In  some 
cases,  this  reaction  XB|  leads  to  the  formation  of  N-nitrosoamlnes .  This  bahavior  of 
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227  N-nitroamines  frequently  renders  it  impossible  to  obtain  them  in  sulfuric  acid  as 
medium. 

There  also  exists  a  yroup  of  isomeric  compounds  vrith  primary  N-nitroamines,  which 
also  yield  hydrox;'/lamine  derivatives  on  reduction*  These  compounds  differ  from  the 
N-nitroamines  in  that  the  oxygen  atoms  are  separated: 

R-N-OH 

I 

N(.) 

which  is  due  to  the  manner  in  whi  they  are  obtained,  to  wit:  nitrosiflcation,  and  not 

nitration,  as  is  the  case  of  N-aitroamines. 

The  physical  properties  of  the  primary  N-nitroamines  are  cwnpletely  different  thari 

those  of  the  nitrooo  derivatives  of  t.-.e  hydroxt'lamines .  For  example,  piienyl-N-nitroamines 

CVH5KHNO2  iiffers  surstantially  from  rl'.en,vi-N-nitrosohydrox:,’lamine,C^K5|IOH,  The  nitroao 

NC 

h- drojp.'iamines  have  not  vet  been  studied  in  terms  of  their  explosive  properties. 

T'-e  structure  of  M-nitroamines,  based  on  their  chemical  properties  is  confirmed 

hy  x-ra,'-  analysis  <.'f  tne  simple  K-nitroamines,  which  show  that  the  atoms  of  the  KXii 

,p 

N-Hi;  group  are  in  a  single  nlane  (Pibl.l2). 

''ll 

N-Nitroamir.os  do  not  display  basic  properties,  whereas  the  primary  ones  even  have 

weak  acid  properties  and  are  capable  of  yielding  salts  along  with  the  bases.  Tne  acid 

twentieth • 

properties  of  the  primary'  K-nitroaoiines  are  only  one  S)BUiXKXji£K  as  strong  as  those  of 

V 

formic  acid.  Contrariwise,  nitroamides  are  capable  of  being  strong  acids,  substantially 
more  powerful  than  formic  acid. (this  is  true  for  example  of  nitrourethane) . 

The  primary  ILX  N-nltroaBiines  react  readily  with  ammonia  in  a  benzene  medium, 
yielding  ammonia  salts.  The  majority  of  the  N-nitroamines  are  subjected  to  denitration 
wjsen  heated  with  phenol,  particularly  in  the  presence  of  sulfuric  acid. 
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Scaie  of  the  aromatic  N-nltroaminos,  for  example,  trlnitrophenylmathyl-N-nltroamine 


(tetryl),  fora  addition  products  vrith  the  simplest  amines.  These  Ml  addition  products 
are,  for  the  most  part,  intensively  colored.  In  many  oases,  these  compounds  convert 
to  picramlde  {2,4,^-trinltroaniline)  or  to  its  N-alkyl  derivatives  (Fibl.l3). 
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CHAPTER  VIII 


THE  CHEHISTRY  AND  TECfS.'OLOGY  OF  THE  NITR0AMINE3 

A.  Tetryl  and  Other  Nitro  Derivatives  of  the  Aromatic  Amines 

Tetir.'l  was  first  obtained  Viv  Martens  in  1877  by  heating  dimethylaniline  with 
fuming  nitric  acid.  Sometime  later  Romburgh  (Bibl.l)  determined  the  structure  of 
tetryl,  and  obtained  it  by  nitration  of  monomethyl-  and  dimethylaniline.  From  the 
fact  that  nitration  of  dimethylaniline  reveals  the  formation  of  CO2  and  abundant 
liberation  of  nitrogen  oxides,  which  is  hardly  to  be  noticed  in  the  nitration  of 
moncanethylaniline,  he  drew  the  conclusion  that  tetryl  contains  only  one  methyl  group, 
he  found  it  possible  to  reinforce  this  point  of  view  by  obtaining  tetryl  from 
N-methvl-  and  N-dimethylpicramide,  as  well  as  from  picryl  chloride  and  potassium 

CH3 

meth\'lnitroamine.  Romt.urgh  ascribed  the  following  fonnula  to  tetryl; CyH2(N0p)-3NQ  , 

^N02 

and  it  is  still  accepted  today. 

The  excloslve  properties  of  tetryl  were  studied  in  1885  -  188b  in  the  Prussian 
Department  of  Har  by  Lenz,  who  found  that  tetryl  was  unsuited  to  filling  shells  because 
of  its  high  sensitivity  to  friction, 

Tetryl  has  a  good  sensitivity  to  detonation,  and  therefore,  starting  in  1906,  it 
came  into  use  in  detonators  and  detonating  caps.  Today,  tetryl  is  of  secondary 
Importance,  and  its  production  and  consumption  are  being  reduced. 

Section  1.  The  Chemistry  of  Production,  the  Properties,  and  the  Applications  of  Tetryl 
"Tetryl  (trlnitrophenylmethyl-N-nitroamine)  may  be  obtained  from  dimethylaniline, 
monomethy  land  line,  aid  benzene  (vi^i  dinitrochlorobenzene).  Its  structural  formula  is 
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Cl  h  NO. 

N 

0,N  I  ,  NO, 

NO. 

a)  Production  of  Tetryl  from  DlmethrA-lanlline 

On  t’le  industrial  scale,  d imet hy Ian i line  is  produced  by  passing  aniline  bases 
i/ith  methylether  (a  methanol-production  waste)  over  active  aluminum  oxide  at  230  -  295°« 
Contact  alkylation  of  aniline  by  dlmethylether  makes  it  possible  to  produce  21 
dimethyl  aniline  which  is  virtually  free  of  aniline  and  monomethylaniline  as  impurities 
(Dibl.2.3.4,5). 

Dimeth.''laniline  is  colorless  liquid  belling  "t  193.5°,  having  a  freezing  point 
of  +1.9^°,  and  a  specific  gravit.-  of  0.955.  The  technical  product  is  from  yellow  to 
orown  in  color. 

The  highly  i-eactive  amino-  or  alkylated  amino  group  greatly  increases  the  ability 

para-position 

of  the  benzene  ring  to  undergo  oxidation  and  resinifioation.  The  jtiUttjtfiilXIliK  relative 
to  dimethy famine  group  is  the  most  reactive  in  dlmethylani.'’in0.  Thus,  when  nitrous 
acid  is  reacted  with  dimeth.ylaniline,  green  para-nitrosodimethylaniline  is  fonned: 


NiCHj): 

I  i 


-1-  IIONO 


N(CIIj); 

!  -f  1I;0. 
NO 


Dlmethylanilino,  as  a  ternary  aliphatic-aromatic  IQiXI  amine,  reacts  in  one  of  two 
wa.vs  with  concentrated  sulfuric  XX  acid;  it  either  forms  a  salt  -  dlmethylanllinesulfate. 


or  dimethylanilinesulfonic  acid.  The  temperature  deteminea  the  direction  in  idnioh  the 

foryd,  md  at. 

reaction  goea.  At  low  I  eiiiim  el  iii  e.  IWffKl  lUl  IflllMU  I  llll(ll|~fil(.li  I  mnini  il  iii  ii  (of  the  order 


228  of  180  -  190°),  para-sulfonic  acid  is  fonnsd: 
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N(CH3)j  N(CH3)3 

:  +  iijSo,.-  1  1  +1I2O. 

V 

S03II 

Dimsthylaniline-para-sulfonic  acid  is  a  colorless  crystalline  mass  which  fuses 
yianan MgYJH (acquiring  a  dark  shacie)  at  257°. 

At  lew  temperature  (40°),  dimethylaniline  forms  a  salt  with  sulfuric  acid; 

QH5N  (CH,),+H,SO,  —  IC,H,N  (CH,),H|  HSO,. 
which,  at  high  temperature  (over  100°)  is  capable  of  undergoing  conversion  to 
dimethy Ian i line  sulfonic  acid  in  accordance  wit.-  -  -c 

[QH5N(CH,),H|  HS0,  ->  C5H,(S03H)  N(CH3),  +  HjO. 

The  sulfate  salt  dimethylaniline  is  a  colorless  cry.’stalline  material  having  a 
melting  point  of  91.5°.  It  is  very  hygroscopic,  dissolves  readily  in  sulfuric  acid, 
water,  and  alcohol.  Bases  cause  it  to  decompose,  with  liberation  of  free  dimethylaniline. 
As  the  salt  of  a  weak  base  and  a  strong  acid,  it  hydro! izes  readily,  to  yield  an  acid 
reaction. 

When  dimethylaniline  i^  nitrated  with  weak  XXXiUXtillX  nitric  acid  (50^)  or  mixed 

sulfuric  and  nitric  acids,  at  low  temperature  (0°),  mononitrodimethylaniline  is  obtained 
■  CjHjN  (CH,),  +  HNO3  ->  CeH,  (NO.)  N  (CHj).  -f  H^O 
as  is  dlnitrodimethylaniline 

C,iH3(NO,),N(CH3);. 

According  to  Orton  (Bibl.6),  the  presence  of  nitrous  acid  is  required  to  nitrate 
dialkylani lines.  In  his  opinion,  an  intermediate  may  ccaw  Into  being  here  -  the 
nitroso  compound  ON  •  C6H4  •  N(CH3)2,  which  is  subsequently  oxidized  to  the  nitro 
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XXIXM  compound.  A  study  by  Itng  (Bibl.7)  gives  some  support  to  this  view,  Lang 


reacted  nitric  acid  vrlth  dlmethylaniline  to  produce  a  mixture  of  di-  and 
trinitrophenylmethyl-N-nltrosoamines: 


NO  NO 

0;N(  and  o.N-c  >-NC 

/  ^CHj  ■  ''CHj 

NO;  NO: 


Stronger  nitric  acid  results  in  the  formation  of  dinitrophenylmethyJ-N-nitroamine 


_ _  ^NO, 

o.n:  Vn,  . 

'._/  \CHJ 

NO. 


later,  (;  ir,1.3,9)  it  was  determined  that  the  reaction  of  conversion  of  dXiUUimi 

dinitrodimet^yleniline  to  tetr;-.!  is  promoted  by  nitrogen  oxides  (nitrous  acid)  which, 

at  the  same  time,  constitute  a  roxverfuJ  demetrylating  agent, 

Hodgson  (Pi:1..10)  and -t'rhanskiy  (pill. 11)  having  studied  the  effect  of  nitric 
of 

acid  tm  various  concentrations  upon  d imethy Ian i line,  found  that  at  0°,  reaction  of 

99.61?  nitric  acid  results  in  the  formation  of  N-nitro-2,4,6-trinitroraethylaniline; 

ih-%  and  UC^  nitric  acid 

70;?  nitric  acid  yields  2,4,6-trlnitromethylanilinef  HtfcCKHCWAXlHiTayyrMTaM  yields 
2,/4.-dinitrodimeti  .-'ianiline,  and  reaction  of  20?  nitric  acid'  yields  a  mixture  containing 
about  U0%  3,3’,5,5’-tetreuiitro-N,N,N’,N’-tetramethylbenzidAne  and  about  60? 
2,4-dinltroQimothylaniline,  The  reaction  does  not  occur  if  the  nitric  acid  is  weaker. 
With  increase  in  temperature,  cleavage  of  the  methyl  group  is  observed,  as  is  the  case 
when  50?  and  /fO?  nitric  acids  are  used.  With  205^  nitric  acid,  it  is  only  nitration 
that  occurs. 

Sodium  nitrite  accelerates  the  reaction,  and  urea  has  the  opposite  effect. 
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Comparative  teste  show  (Blbl.S),  that  nitrous  acid  is  a  more  effective 
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demethylating  agent  than  is  nitric  acid. 

The  sequence  of  nitration  of  dimethylaniline  by  nitric  acid  may  be  represented 

by  the  following  mechanism  (Bibl.8,10): 


CHj,  Cl  I,  CIL  CM 


\ 


N'O, 


\o, 

II 


Cl  I, 


CM 


CII3.  coon 


N 


NO, 


NO, 

III 

NO, 


NO, 


NO. 


NO, 

IV 

CII3  II 
'  N 

0,Nj  .NO, 

\ 

NO, 

VI 


NO, 

CM,  NO; 
N 


0,N 


NO, 

Ml 


Table  'v  presents  the  properties  of  the  nitro  ,'ierivatives  of  dimethylaniline. 

Table  n(-> 


Compound 

Melting 
Point ,  °C 

Appearance 

Para-nitrodimethylaniline 

Ibl  -  162 

Yellow  crystals  with  steely  cast 

Orth  o-nitrodimethylanlline 

20 

Free-flowing  orange  oil 

Meta-nitrodimethylaniline 

60  -  61 

Red  crystals 

2 , 4-Din i t rod ime t hy Ian i 1 ine 

87 

Bright  yellow  crystals 

2 , 6-Dinitrodimethylaniline 

78 

- 

3 ,4-Dinitrodimethylaniline 

174  -  175 

- 

3 , 5-Dinitrodlm0thylaniline 

112 

1 

When  id  dimethylaniline  is  nitrated  in  two  stages  (Bibl.lO),  first  by  weak,  and 
then  by  strong  nitric  acid  or  mixed  acid,  the  tetryl  is  obtained  by  the  following 


-/*4-l 
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probaV'le  meciianlsm: 


231 


first  stage 

CH 

CeH,N<^  %-2HN03  -  C,H,  (NO,),  N  (Cl  Ijh +2H,0; 

^Clla 

second  stage 

•C6»l3(NO,),N(CH3),  +  8IINO,  - 
-  C6H,(N0),N(CH3)(N0,)-)  C03  +  6N0,  +  6Hj0. 

On  the  industrial  scaie,  this  metho<i  is  not  employed,  due  to  the  large  consumption 
of  acids  (.ratio  of  mixed  acid  to  dimethylariiline  50:1).  A  smaller  consumption  of 
concentrated  ocid  occurs  when  the  process  is  run  in  such  fashion  as  to  cause  oxidation 
of  the  methyl  group  in  accordance  with  the  equation 

C„l  l.,N  (Cl  13)3+  SI  INO,  •  Q,l  I3  (NOj),  Nl  I  (Cl i,)  +  61 1,0  +  6N O,  +  CO„ 
and  in  the  second  phase,  there  is  further  nitration: 

C,.l  I3  (NO,),  N'l  1  (Cl  I3)  +21 INO3  -  Cel  1,  (NOjh  NCI  1,(N03)  +  21 1,0. 

However,  this  variant  of  the  process  is  also  quite  complex  in  the  ilHX  technological 

sense. 

In  Industry,  tetrj'l  is  obtained  from  dimethylaniline  in  two  stages.  In  the  first 
stage,  dimethylaniline  is  convortefi  to  the  sulfate  salt  by  treatment  witii  commercial 
sulfuric  acid.  In  the  second  stage,  the  dimethylaniline  sulfate  obtained  is  nitrated 
with  concentrated  nitric  acid  or  melange.  Running  the  process  in  this  way  is  most 
practicable,  Inasmuch  as  the  activating  effect  of  the  amino  group,  causing  the  oxidizing 
processes,  is  diminished  by  conversion  to  the  more  stable  sulfate  salt.  This  may  bo 
seen  from  the  following  example;  dimethylaniline  added  to  the  melange  (at  20  -  40°) 
Inmadlately  flashes  with  formation  of  an  oily  black  substance,  while  glUHniyiMHUlHiiHIttXi 
dlmethylanllinesulfate  nitrates  to  totryl  under  these  conditions. 
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Theoretically,  production  of  dimethylanilinesulfate  requires  0.81  part  H2SO/^  by 


weight  per  part  dimethylaniline.  However,  in  practice,  8  parts  sulfuric  acid  is 
employed  by  weight,  1  i  the  fcrm  of  93  -  9h-%  commercial  sulfuric  acid.  The  large  excess 
of  sulfuric  acid  makes  for  complete  conversion  of  the  dimethylaniline  to  salt,  and  its 
solution  in  excess  acid.  The  excess  acid  goes  to  strengthen  the  mixed  acid.  Reduction 
in  the  amount  or  concentration  of  the  sulfuric  acid  may  lead,  on  the  one  hamd,  to 
incomplete  neutralization,  which  1n  turn  results  in  XXiUtK  flash  when  the  salt  is 
run  into  mela^uge,  while  on  the  other  hand  it  results  in  producing  weak  mixed  acid, 
inducing  premature  oxidation,  foaming  of  the  nitro  mass,  and  reduction  of  the  quality 
of  the  tetry/l.  IK* 

The  process  of  neutralization  riuis  at  35  -  '’'0°,  Increase  in  temperature  may 
induce  partial  resinlfication  of  the  dimethylaniline,  as  well  as  the  formation  of 
sulfonic  acid,  nltpatlon  of  which  yields  unsta'r  le  side  products  and  reduces  the  tetryl 
yield. 

a ' 

Production  of  the  sulfate  salt  dimethylaniline  is  a  very  critical  operation,  and 
the  skiil  with  which  it  is  performed  governs  the  yield  of  tetrp/l,  as  well  as  the  safety 
of  the  process,  to  a  considerable  degree. 

The  conversion  of  dimethylaniline  to  the  salt  IX  may  be  ciiacked  by  the  appearance 
of  the  reaction  liquid:  transluscence  and  tba  Tack  of  oily  spots  on  the  surface  when 
diluted  with  water  is  a  reliable  ^roof  of  the  absence  of  free  dimethylaniline. 

Dimethylanilinasmif***  may  bo  nitrated  either  by  concentrated  nitric  acid  or  by 
melange.  Nitration  with  melange  goes  more  quietly,  as  the  nitrogen  oxides  are. in  the 
form  of  nitrosyl  sulfuric  acid.  However,  upon  nitration  with  nitric  acid,  the  nitrogen 
oxides  contained  therein  give  rise  to  roeinification  of  dimethylanilinesulfate. 
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231  ‘rfhen  tetryl  is  formsd  frosi  dimethylanillnMulfate,  two  reactions  occur:  nitration 

i 

and  oxidation.  One  of*  the  methyl  groups  is  subjected  to  oxidation,  and  a  nitro  group 
haa  to  tai'e  its  place.  Oxidation  of  the  methyl  group  gaee  thanks  to  the  nitric  acid  ^ 
which  is  reduced  to  NO2  and  NO.  Depending  upon  the  degree  of  reduction  KX  of  the 

a 

232  nitric  acid,  the  consumption  will  vary  and  the  reaction  will  be  expressed  by  one  of 
two  equations: 


Ql  I5N  (Cl  l3)j •  lljSO,  +  lOMNO,  - 


C,ll,(NO,),N 


\! 


cu, 

NO, 


+  H,S04+6N08  +  C0j  !  SII,0. 


C,ll5N(CHs),  H,SO4  +  6HN03  - 
CH3 

—  CjMjCNOjlaN  ,  -f-H,S04  +  2N'0  +  C03+611j0. 

^NOj 


(I) 


(II) 


When  the  reaction  follows  the  first  aquation,  5.2  parts  nitric  acid  monoh,\'drate 
are  ipc  required  per  p<.rt  by  weight  of  Jlmetlvlaniline.  In  practice,  it  is  this  ratio 
that  is  employed.  However,  the  residue  of  nitric  acid  remaining  in  the  jSlHUtX  spent 
acid  (as  much  as  indicates  that  the  reaction  goes,  in  part,  in  accordance  with 
the  second  equation. 

In  nitration  of  dimethylanilinesulfate,  the  nitro  groups  obviously  enter  the  ring 
at  the  outset.  Upon  entry  of  electrically  negative  NO2  groups  into  the  benzene  ring, 
the  major  properties  of  dimethylaniiine  disappear,  the  existence  of  the  sulfate  salt 
becomes  impossible,  and  the  attached  sulfuric  acid  detaches.  At  this  time,  the  mixed 
acid  is  diluted  somewhat  with  reaction  water,  and  its  oxidizing  effect  increases. 
Subsequently,  oxidation  of  one  methyl  group  to  carboxyl,  with  subsequent 
detachment  of  CO2,  sets  in.  Si 


Despite  the  fact  that  the  activating  effect  of  the  displaced' amino  group  is 


substantially  diminished  by  the  attachment  of  sulfuric  acid  In  dlmethylanilinesulfate 


this  salt  nevertheless  oxidizes  and  resinifles  rather  easily,  and  therefore  nitration 
has  to  he  conducted  vrlth  ^z^t  care.  Nitration  is  performed  by  running  in  a  sulfate 
solution  of  d imethylaniline  salt  to  melange  in  the  nitrator.  If  the  reverse  procedure 
were  used  in  run-in,  powerful  oxidizing  processes  would  occur,  and  ignitio;;  of  the 
product  might  occur. 

Nitration  is  performed  ir  a  specific  temperature  interval  (50  -  '-QO)  and  deviation 
from  this  results  in  pronc’nced  change  in  the  process.  Reduction  in  the  temperature 
of  onset  cf  nit  ,  on  inhi'.its  oxidation  of  the  methyl  group  and  therefore,  even  an 
increase  in  the  tine  does  not  make  it  possible  to  ortain  JK  high  yield  and  good  - 
quality  tetr.'-l.  Moreover,  at  low  temperature,  in  view  of  the  negligible  reaction 
velocity,  tmreacted  product  accumulates  in  the  apparatus,  and  this  pretents  a  great 
danger.  Nitration  at  higher  temperature  results  in  deeper  Si  oxidation  than  is  required 
for  tne  production  of  tetryl,  and  therefore  results  in  a  reduction  in  yield  and 
impairment  of  the  quality  cf  the  latter.  Tetry/l  produced  at  high  temperature  is  darker 
In  color,  due  to  the  partial  resinification. 

The  temperature  of  150°,  at  which  flash  of  the  reaction  mass  occurs,  is  critical. 
From  the  point  of  view  of  safety,  nitration  is  best  performed  at  60°,  SiiS  llhder  these 
conditions,  most  of  the  component  mixture  is  able  to  react  during  nai-in,  and  if 
cessation  of  stirring  or  cooling  occurs,  the  heating  of  the  mass  due  to  continued 
reaction  will  be  small. 

The  unpurified  tetjy/^1  obtained  fdlmethylaniline  contains  a  small  quantity  of 

A 

impurities,  which  reduce  its  freezing  point  by  1.5  -  2°. 

The  major  Impurity  is  tetranitrophenylmethyl-N-nitroamin«  (meta-nitrotetryl),  in 
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which  the  nltro  group  in  the  meta-poeition  is  readily  replaced  by  hydroj^l  when  boiled 
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with  water,  and  forma  trinitroiBethyl-N-nitroamino|»iienoi 

/CH, 

N-NO, 

OiN/^iNO, 

NO, 

Thanks  to  the  presence  of  thrde  nitro  groups  in  the  ring,  the  hydrogen  atom  of 

the  hydrox;\'l  has  a  pronounced  acid  nature,  in  connection  with  which  trinitromethyl-N- 

strong 

nitroaminophenolfjas  the  properties  of  a  jiMHiKitl  organic  acid  and  communicates 
residual  acidity  to  tetryl. 

Trinitromethyl-fJ-nitroaminophonol  reacts  freely  with  alkalis,  carbonates,  and 
metal  oxides,  to  form  phenolates. 

An  increase  in  the  yield  of  IK  metanitrotetr:  1  is  faciliated  by  the  use  of  lovf-grade 
dimethylaniline,  containing  up  to  0,3%  monomethy] aniline,  as  well  as  by  the  use  of 
mixed  acid  of  increased  strength  or  by  XK  increasing  the  quantity  of  sulfuric  acid 
therein,  XiUQi  inasmuch  as,  under  these  conditions,  there  is  an  increase  in  the 
meta-orlenting  effect  of  the  •  H230/^  group. 

According  to  Romburgh  (r<ihl,12),  the  formation  of  meta-nitrotetryl  proceeds 
through  the  formation  of  mononitroraethylaniline; 


Hj  H 

CH,  H 

\  / 

\  / 

N 

N 

/\ 

/\ 

1 

1  ~ 
\/ 

1  ;No, 

s , 

CHj  NOj 
\  / 

N 


NO, 


\/ 


-NOj 


NO, 


An  increase  in  the  temperature  of  nitration  also  makes  for  an  Increase  in  the 
yield  of  meta-nitrotetryl, 

Meta-nitrotetryl  diminishes  the  stability  of  tetryl.  With  a  meta-nitrotetryl 
content,  the  time  required  for  an  Abel  spec  m  iminishes  to  15  siin  (instead  of 

IM 


25  min),  and  when  the  content  le  10%,  it  is  reduced  to  three  minutes.  According  to 
ObermuoUer,  meta-nitrotetryl  yilslds  an  increase  in  pressure  of  588  mm  per  hr,  while 
nurified  tetrj'l  causes  a  rise  of  only  20  -  30  mm.  Thus,  meta-nitrotetryi  decomposes 
25  times  more  rapidly  than  does  tetr^fl. 

Meta-nltrotetrv.'l  also  is  responsible  for  the  acidity  of  tetryl,  inasmuch  as,  when 
reacted  with  water,  it  nydroJizes  to  KUUU  nitrous  acid  and  trinitromethyl-K- 
nltroaminophenol.  Meta-nitrotetr:/l  also  affects  the  color  of  1611:7']  to  a  considerable 
degree,  living  it  a  bright  greenish  tint  under  certain  circumstances. 

The  yield  of  meta-nltrotetryl  may  be  reduced  iy  employing  quality  dime-  hylaniline, 
not  containing  monomet hylaniline,  and  by  tfie  iiliM  use  of  a  less  concentrated  mixed  acid. 
However,  this  results  in  turn,  in  increasing  the  contents  of  incomplete  nitration 
products  in  the  tetryl,  which  results  in  a  reduction  in  tne  auaiity  and  the  yield  of 
the  basic  product. 

b)  Production  of  Tetryl  from  Monomethvlanlline 

Monometrylaniiine  is  JC'taineH  by  passing  an  SiW  alcohol  solution  of  aniline, 
containing  PCI3  t':rough  a  system  of  autoclaves  (Bibl.13),  or  by  reacting  an  aqueous 
notliylamine  solution  upon  chlorobenzene  in  the  presence  of  combined  copper  (’dibl,l4). 

Monomethylar.iline  is  a  transparent  liquid  ranging  frcrni  yellow  to  brown  in  color, 
h.oiling  at  195.5°.  Its  freezing  point  is  -57°,  and  its  specific  gravity  is  d^®°=  0.989. 
The  chemical  properties  of  monomethylaniline  are  very  similar  to  those  of  dimethylaniline. 
However,  monomethylaniline  is  somevdiat  more  reactive  than  dimethylaniline. 

This  is  expressed,  in  part,  by  the  XM  fact  that  it  oxidizes  more  readily  and  resinlfies 
upon  reaction  with  nitric  acid. 

Martens,  nitrating- moncanethylanilihe’ with  weak  nitric  acid  (10  parte  50?  HNO3  by 


233  Kjt  weight  per  part  monooethylanlline)  obtained  trinitromoncmethylaniline. 

234  Desvergnea  (Bibl.15)  developed  a  two-atage  method  of  nitration  of  monomethylaniline 

at 

to  tetryl.  The  following  reactiona  occur  therein: 

QII,,NllCII.,  +  2HNOa  C„ll3(NOo),NHCIl3  +  2lljO; 

C,iH3(N03)sNIICll.,  +  2IIN03  -  CbHj(N03)3 N  (NOj)  CH3 +  21130. 

•is  ia  evident  from  the  equations  adduced,  it  ia  not  necessary,  in  nitrating 
monomethylaniline,  to  expewd  nitric  acid  upon  the  oxidation  of  the  methyl  group,  and 
therefore,  the  consiomption  thereof  has  to  be  considerably  less  than  in  the  nitration 
of  dimethylaniline.  This  makes  for  what  is  indubitaViy  iCQiX  an  expedient  process. 
However,  this  prodess  har  not  come  into  practical  use,  apparently  because  of  the 
complexity  of  work  with  dilute  nitric  acid.  However,  the  nitration  of  monomethylaniline 
through  the  sulfate  salt  stage,  as  occurs  when  tetryl  is  made  from  dimethylaniline  may- 
result  in  the  production  of  a  considerable  amount  of  meta-nitrotetryl. 

Table  TT  presents  some  of  the  properties  of  the  nitro  derivatives  of  MX 
monomethylaniline. 


Table  7? 


Compound 

i 

Melting 
point, oc 

Appearance 

Para-n  i  t  r  omon  ome  t  hy  Ismi  line 

15c  -  151 

Yellow-brown  crystals  with  violet 
shading 

Ortho-nitromonomethylaniline 

34  -  35 

Red  crystals  with  violet  shading 

Meta-nitromonomethylanlline  j 

65  -  66 

Reddish-yellow  crystals 

2 ,4-Dinitromonomethyiariiline 

176.7 

Cemary  yellow  crystals 

2, 6-Dinitromonomethylaniline 

106 

- 

2 , 5-Dinltromonomethylaniline 

161 

- 

When  monomethylaniline  is  nitrated  to  tetryl,  the  following  amounts  of  heat  are 
liberated  (Bibl.l6): 

methylanilina  to  para-nitromethylaniline  -  36.4  kcal/aole;  para-nitromethylaniline 

4W 


to  2,/+-dinitromethylanlliRe  -  25.2  kcal/mole;  2,i4.-dinitrometh.ylaniiine  to  2,4*6- 

trinitromethylaniline  XUXUffy  -  il.9  koal/molo;  2,4,6-trlnitroinethylaniline  to 

tstryl  -  1.0  kcal'mole. 

tetryl 

c)  Fi'ouuction  of  iUQQ^  from  chlorobenzene  and  metihylaniine .  Synthesis  of  tetiyyl 
from  chlorobenzene  goes  through  a  numlier  of  stages: 

1)  production  of  dinitrochlorobenzene 

QHsCI  +  2HNO3  --  Cjl-ij  (NOj),  Cl  +  21 1,,0: 

2)  production  of  dinitrophenylmethylaniline  (melting  point  17^.7°)  (Bi'rl.l?) 


Cl 


NO, 


/Cl  I3 
N-H 


+NaOII 
+  NHaCH3--^ 


+NaCl- 


loO. 


XKE  able 

The  reaction  of  replacement  of  chlorine  by  the  alk^/lamino  groups Siflaiiat to  he 

c.-ifilys: 

run  in  organic  solvents  with  copper  usetK>ar-’p»o«o6»*>  (Eih4.18). 

Nitration  of  dinitromonomethylaniline  by  mixed  acid  containing  Ih  -  1?^  water 

having 

at  30  -  40®  results  in  a  95X'  yield  of  tetryl  KlUtUiH  a  melting  point  of  128.1-  128.4° 
of 

(Ei'rl.io).  This  method /producing  tetryl  is  less  dangerous  than  production  frotr. 
dimethylaniline.  A  consideraMe  advantage  therein  also  lies  in  the  fact  that 
dinitrochlorobenzene  is  simultaneously  an  intermediate  product  for  production  of 
synthetic  dyes.  The  second  starting  product  -  raethylamine-is,  under  standard 
conditions,  a  gas,  and  is  usually  employed  either  as  a  salt  (sulfate)  or  as  an 
aqueous  solution  (solubility  in  100  gm|  of  water  at  25°  is  959  cm^,  and  in  ether 
solubility  is  virtually  unlimited  ). 

The  specific  gravity  of  methy lamina  U  is  0.7691,  its  melting 


point  Is  92.5°,  and  is  boiling  point  6.5° 


Methvlamlne  is  producsd  by  reacting  foiinaldeh,%iTle  vrith  ammonium  chloride 
(Bihl.20)  or  from  acetic  acid,  and  ammonia. 

Properties  of  tetryl,  Tetryl  is  a  white  crystalline  substance.  The  techjilcal 
product  is  bright  yellow.  The  specific  gravity  of  tetryl  la  1,73,  and  its 

^  i 

gravimetric  density  is  0.9  -  1  gm/cm^.  Tetryl  is  readily  ifUKUiptible  te  passing"  ’ 
to  a  density  of  1.60  -  1.73  gm/cm^  (at  P  2000  kg/cm^  laxTYTTH  IF'*  •■i^spaeewtl  to 
1.71}. 

Tie  melting  point  of  tetryl  is  129. VS®  (fusion  is  accompanied  Vy  decomposition), 
ti,e  freezing  point  of  chemically  pure  tetryl  is  128.5°,  a;id  that  of  technical 
tetryl  127.7°.  The  specific  heat  capacity  of  tetryl  at  20°  is  0.218  kcal/gm°C 
(Tibi, 21).  Its  melting  point  is  20.7-  kcal/gm, 

nOUfjtXIii  Tetryl  is  nonh;.ijroscopic,  and  very  slightly  soluble  in  water 
(0.019^  at  50°,  and  0.18/tiJ  at  100°),  The  solubility  of  tetryl  in  various  solven:s 
is  presented  in  Table  73. 

Tetr-'l  is  a  neutral  substance  and  does  not  react  witc  raeta.'t,  but  does 
react  with  alkalis  and  sodium  and  potassium  carbonates.  When  tetryl  is  heated 
with  dilute  solutions  o'"  alkalis,  picrates  result  (Eibl.22): 

/CH, 

C«H,(NO,)3N<r  +2NaOH  -  N8N03  +  CH3NHj  +  C6H,{NO,),ONa. 

NOj 

When  tetrj'l  is  heated  with  water  over  a  long  period,  it  decomposed  slowly 
to  form  picric  acid. 

The  addition  of  up  to  IC^  sodium  piorate  virtually  does  not  change  the  shock 
sensitivity  XX  of  tetryl,  but  merely  reduces  its  melting  point  by  0.6°,  Therefore, 
soda  has  been  used  in  Fraince  to  accelerate  the  washing  of  acids  out  of  tetryl 
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(Bibl.23) 


23'' 


With  alcohol  solutions  of  alcoholates,  a  toluene  solution  oL  tetryl  foms 


metallic  derivatives,  usually  the  metallic  derivatives  of  trotyl. 


The  metallic  derivatives  of  tetryl  are  carmine  red  substances  having  a 

fulminate 

flash  point  betvreen  93  -  115®,  and  similar  to  mercury  fle&igyHrtl  in  shock 


sensitivity 


Table  78 


b) 


0, 

d)  1 

i 

1 

! 

1 

f) 

3) 

>1) 

i 

j) 

0 

0,005 

1 

3,45  1 

' 

1,5 

0,32 

0,007 

0,188 

0,009 

0,007 

_ 

0,49 

0,020 

0,017 

20 

0,008 

9,99  i 

45,82 

3.8 

0,56 

0,025 

0,418 

0,021 

SO 

0,008 

_1  1 

0,75 

0,039 

0,493 

0,029 

40 

0,011 

, 

7.7 

1.12 

0,058 

.... 

0,056 

45 

oioi4 

i 

— 

1,38 

0,073 

— 

0,094 

50 

0,019 

^  1 

111,85 

1,72 

0,095 

— 

60 

o'.oss 

...»  1 

18,8 

2,64 

0,154 

— * 

— 

70 

0,053 

21,86  ’ 

— 

4.23 

0,241 

— 

— 

7,^ 

0,066 

— 

5,33 

0,297 

— 

80 

0,081 

42,43 

64,5 

— 

* 

1  “ 

KNI 

0,184 

'  — 

a)  Temperatiii's,  ®C;  h)  Grams  of  tetry.  1  dissolving  in  100  cm3  ©f; 

0/  Water;  d)  F-enzene;  e)  Acetone;  f)  Oiohloroethane; 

Ether; 

g)  Alcohol;  ). )  Carbon  tetrachloride;  i)  .’ICarbon  disulfide 


When  gaseous  ammonia  is  adinil.Led  in  tb.e  cold  into  an  alcohol  acetone  solution 
of  tetryl,  the  solution  becomes  dark  red.  Heating  results  in  the  gradual 
disappearance  of  the  red  coloring  and  the  IX  liberation  of  pioramide  (Bibl,  2/(.): 

Cl  la  NOj 

Nil. 

N 

O.N  ,  '■^1  NO,  Nila  OaN  ‘  NO,, 

;  I 

I 

.  NO,  NO, 


In  the  presence  of  metallic  mercury,  sulfuric  acid  liberates  one  atom 


of  nitrogen  from  totryl  in  the  form  of  nitrogen  oxide.  According  to  the  data 


of  A.A.Solonina,  the  following  reactions  occur  accompanying  this: 


CH.  CII3 

2QHj(NOj)3N^^^  +2H,S04  2C6H,(N()j)3N  ,  +2HNO3; 

2HNO3  +  6Hg=3Hgj0  +  2NO  +  Hj0; 

3Hg,,0  +  3H2S04= SHgoSO,  I- 


CHj 

2C«H,(N03)3  N-,  +  5H:SO,  !-  61  Ig  = 

NOj 

CHj 

=2C,Hj  (N0,)3  N  ,  +  31  IgjSO,  +  2NO  +  4H:0. 

SO3H 


The  reaction  of  tetryl  with  sulfuric  acid,  leading  to  the  formation  of 
trinitrophenylmeth;.'!  sulfamine,  also  occurs  in  the  absence  of  mercury,  hut  this 
is  apparently  a  reversible  reaction,  and  the  equilibrium  is  shifted  sharply  from 
right  to  left.  However,  in  the  presence  of  mercury,  when  HKO^,  which  reacts  with 
it,  is  eliminated  from  the  spnere  of  iciUI  reaction,  tie  equilibrium  shifts  from 
left  to  right. 

We  know,  that  when  concentrated  sulfu-io  acid  acts  upon  dinitrophenylmethylnltro- 
amine  (in  the  absence  of  nitric  acid),  regrouping  occurs,  as  a  consequence  of  which 
XymUtWHHtKItyi  trinitrophenylmethyl  amine  is  formed  by  the  following  mechanism 


NOi 

I  /CH3 
03N-(  )-N( 


—  aN— 


NO. 


/  \ 


CH3 


NOj 


The  weak  (not  over  70%)  sulfuric  acid  does  not  cause  this 


twrangwoent,  but  merely  the  e^qsulslon  of  the  nltro  group  fi*om  the 


side  chain,  with  fonaation  of  dinltrophenyl  methylamine: 
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0,N-<3!>-N(^”®+H^04  +  H,0  St  0,N-<_^>-N<^”'+H,S04  +  HN0j. 

In  tetryl,  all  the  ortho-  cuid  para-posit  lone  in  the  ring,  with  respect  to 
the  amino  group,  are  occupied,  and  therefore,  not  uixpa  only  weak,  out 
concentrated  ault'urlc  acid  will  result  not  in  rearrangement,  but  expulsion  of 
the  nitro  group  at  the  nitrogen. 

With  K?  *^8%  trotyl,  tetrj’l  forms  a  eutectic  mixture  melting  at  h>'  -  68.5° 
(nir.1.25). 

Tetr:,'l  is  more  poisonous  than  trotyl  and  particular  cafVs  must  be  exercised 
in  working  with  it  (PibJ.26). 

The  stability  of  tetryl  is  somevdiat  lower  than  that  of  trotyl  and  other 
nitro  compounds,  but  it  is  nevertheless  sufficient  for  long-term  storage  under 
normal  conditions. 

Okhta  . 

According  to  tfi*  data  o'’  the  laboratory  of  the  iSXXXii  BXUiX  Works  (PiM,23), 
tetryl  withstood  the  Abel  test  (at  100°)  for  20  min  after  being  heated  for  2  yrs 
at  60°.  When  tetryl  was  held  at  75°  for  320  days,  the  weight  loss  was  0.3^, 
hut  at  110°  it  attained  11.5^  within  only  16  days. 

The  shock  sensitivity  of  tetryl  is  higher  than  that  of  trotyl  and  nitric 

acid.  Totryd  explodes  when  a  UH  2-kg  weight  is  dropped  from  an  XXXiXXii  elevation 

(  tetryl 

of  kO  cm,!,  and  its  flash  point  is  190°,  The  explosive  properties  of  XMX]^  may  be 

characterized  as  follows:  temperature  of  explosion  1100  kcal/kg)  volume  of  gaseous 

in  Ti-auzl  ^ 

explosion  product  765  Itr/kg,  work  performed  HDKBHn  block  340  cc,,br^oance 

19  mm  dm  te  Heesi  velocity  of  detonation  (at  1.63  densitv)  7500  m/sec.  Tetryl 
j  ‘  •  •  •■ 
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is  more  susceptible  to  detonation  than  trotyl.  -The  maximum  initiating  charge 


of  mercury  fulminate  for  pressed  tetryl  is  0.29  gm,  and  for  lead  azide  is  0.03  gm. 
Tetryl  is  employed  primarily  to  make  detonators,  booster  charges  for  combined 

capsules  and  detonators,  and  in  detonating  fujies,  amd  occasionally  as  a  bursting 

phie  gmatized 

charge  in  small-caliber  shells,  soraetimes  in  the  nXjpmtiiify  form. 

Section  2.  Technology  of  Tetr'/l  FToduction 
Tetryl 

a)  Production  of  HHCifilt  from  Dimethylanillne 

The  technological  process  for  the  production  of  tetryl  includes  the  following 
stag'=‘3: 

1;  Production  of  dimethylaniline  sulfate; 

2)  Nitration  of  dimethylaniline  sulfate; 

3)  Processing  of  the  tetryl,  consisting  of  washing  and  crystallization; 
i)  Recovery  of  the  mother  solvents; 

5)  Dr:,'inr  of  the  tetryl. 

Figure  b5  illustrates  the  process  of  tetryl  manufacture  (Pill.lh). 
Production  iUCa  of  dimethylaniline  sulfate.  Dimethylaniline  is  gradually 
(over  a  period  of  50  -  tO  min)  run  into  a  neutralizer  (3),  at  35  -  /+5°,  into  which 
commercial  sulfuric  acid  has  first  been  run.  When  run-in  is  completed,  it  is 
held  (15  min)  at  JifXXXK  45  -  50°,  and  a  sample  for  analysis  is  taken. 

The  solution  of  UXXKK  dimethylaniline  sulfate  should  be  a  homogeneous 
transparent  liquid,  brown  in  color,  and  having  the  specific  gravity  of  1.6S  -  1.70. 
Tne  total  acidity  of  the  Ml  solution  fluctuates  in  the  range  of  83  -  84?.  The' 
composition  of  the  solution  of  the  dimethylaniline  sulfate  is  (in  ?): 


H2S0j^  (monohydrate)  . . .  83. C  -  83.8 

Dimethyianiline  sulfate  ..  .  ......  10.4  -  10.5 

tlater  . . . 5.8-  7.1 


Nitration  of  dimethyianiline  sulfate.  A  sulfate  solution  of  dimethyianiline 
sulfate  is  added  slowly  to  the  nitrator  (7),  filled  with  melange  and  heated  to 
40  -  45°.  The  rate  of  run-in  should  guarantee  that  the  temperature  will  rise 
to  50°  in  the  first  5  min,  and  to  60°  thereafter  (1  -  1.5  hrs).  The  temperatuie 
of  the  nltro  mixture  is  regulated  by  the  rate  of  run-in  and  cooling. 

Upon  conclusion  of  run-in,  the  mixture  is  held  for  1C  min  at  58  -  bo°, 

whereupon  the  resultant  tetiy.-l  is  monitored  in  terms  of  its  color  (against  a  control 

color  scale).  Tetrj'l,  wetted  wit*-,  water,  should  be  rright  iX  yellow.  If  the  color 

product  is  dark  yellow  or  reddish' ^color  this  means  that  the  nitration  process  .has 

not  been  compJ.eted  and  the  mixture  must  he  h:eid  for  an  additional  period,  with 

the  addition  of  a  little  more  melange  to  the  nitrator. 

nin-in  period, 

At  th'e  end  of  the  sulfate  foam  is  formed  because  of  the  abundant 

liberation  of  gaseous  ItX  products  of  oxidation.  During  bhe  holding  t.ime,  formation 
of  foam  greidually  ceases.  If  foaming  is  particularly  abundant,  the  charging  of 
the  salt  must  be  stopped  and  a  careful  observation  of  temperature  must  bo 
maintained,  so  that  it  does  not  rise  above  the  permitted  limit.  Sometimes,  if 
foaming  is  strong,  it  is  useful  to  add  a  little  melange.  Thie  reduces  the 


viscosity  of  the  mixture  and  facilitates  removal  of  gases 


Flg.^j5  -  Diagram  of  Production  of  Tetryl  from  Dimethylaniline  (DMA) 

1  -  Commercial  sulfuric  acid  metering  tank;  2  -  Dimethylaniline  metering)  tank; 

3  -  Neutralizer;  A  -  Sulfate  salt  collector;  5  -  Sulfate  salt  metering-  tank; 

Diluter; 

6  -  Melange  metering  tank;  -  nitrator;  8  -  9  -  Water  tank;  10  -  Filter 

and  hopner 

a)  Water;  t  )  Tetryl  to  wasliing 

At  the  end  of  nitration,  the  nitrator  contents  are  liiUttX  run  into  diluter  (8), 
half  filled  with  water.  Dilution  is  performed  with  intensive  mixing,  and 
temperature  not  over  50®. 

Treatment  of  the  tetryl.  The  dilute  nitro  mass  is  discharged  XliX  to  the 

filter-hopper,  where  the  tetr-i  is  separated  from  the  spent  acid  and  washed  with 

cold  water.  After  washing,  the  tetryl  contains  0.5  -  residual  acid,  while  the 

tetrvl  going  to  recrystallization  should  contain,  upon  recrystallization  from 

benzene,  not  more  than  0.15^  acid,  whereas  Wi  upon  recrystallization  with  acetone 

it  contained  not  more  than  0.11^  acid.  Tl^o  required  acidity  may  be  attained  by 

cold 

increaaing  the  number  of  washings  with/water  (to  6  -  7){  however,  after  this,  the 
tetryl  has  a  low  freezing  point,  and  It  is  therefore  treated  several  times  StiQUUQi 
in  vats  of  boiling  water. 


At  identical  acidity,  the  freezing  point  of  tetryl  will  differ  very  sharply, 


depending  upon  the  method  of  washing.  The  mean  Increase  in  freezing  point 
after  boiling^  rtMaiX I3t]gKi5X  (from  126,0  to  127e4.^)e  In  the  process  of 

4 

washing  tetryl  with  hot  water,  and  boiling,  not  only  are  the  mineral  acids 

.t  ■ '' 

removed,  b’ut^the  organic  acid  impurities,  which  reduce  the  temperature  at  which 
tetry]  freezes.  Tetryl  washed  only  with  cold  water  cannot  be  recrystallized,  as 
under  these  conditions  the  solvent  is  rapidly  saturated  with  impurities,  and 
partial  replacement  is  required. 

In  order  to  accelerate  the  washing  of  tetryl,  the  traces  of  acids  and  otiier 
impurities  in  tetryl  are  removed  r.y  cooking  in  dilute  soda  solutions,  at  certain 
plants  in  the  United  States. 

In  technical  tetiy/l,  the  following  impurities  are  found  after  washing 

with  water;  dinitromonomethylaniline;  tetrAnitro.nhenyjJiiethylnitroamlne  (meta- 
nitrotetr;"! ) ;  rroducts  of  the  resinification  of  dimethyl  aniline,  as  well  as  of 
monomethyianiline,  which  are  always  present  in  tech,nical  dimethylaniline; 
inorganic  acids;  mineral  salts  and  mechanical  impurities  carried  into  the  tetryl 
with  the  acids  and  wash  water;  products  of  hjTU'olysis  of  tetryl  and 
meta-nitrotetryl • 

The  product  of  the  lower  degrees  of  iX  nitration  of  dimethylaniline,  and  the 

product  of  resinification  reduce^  the  susceptibility  of  tetryl  to  detonation,  and 

its  br/isance.  The  products  of  the  higher  degrees  of  nitration  result  in  reduced 

an 

chemical  stability  of  the  tetryl.  (The  uncrystallized  tetryl  will  stand/Absl  test 

tetryl 

for  a  few  minutes,  vrtieroas  jUQOfjE  recrystallized  from  solvent  will  stand  it  for  tens 
of  minutes). 


The  presence  of  men  „.ical  Ijipurities  that  have  entered  as  a  consequence  of 
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corrosion  of  the  apparatus  or  inadequate  purification  of  the  water  entering 


for  washing  increases  sensitivity  to  mechanical  effects,  which  also  makes  for  the 
need  for  further  purification  of  tetrj'l  by  recrystaJlization. 

Of  the  large  number  of  solvents  in  which  tetryl  is  soluble  to  a  greater  o’* 
lesser  degree,  only  acetone,  benzene,  and  nitric  acid  are  of  practical  value. 

O 

Acetone  is  the  best  solvent.  Tetr;/1  crystallized  from  acetone  has  a  high 

solidification  point  and  forms  crj’-stals  of  spicular  form,  which  flow  rather  freely 

and  are  therefore  convenient  for  the  filling  of  detonator  caps.  Crystallization 

fi'om  benzene  yields  tetryl  having  a  somewhat 

lower  freezing  point.  A  product  is  obtained 

in  the  form  of  small  cr'stals  and  flows 

poorly,  making  it  difficult  to  use  if  for 

filling.  However,  this  method  makes  ;i.t 

possible  to  wash  tetrj’l  in  solution  and 

is  therefore  employed  in  industry  (Eibl.16). 

Flg.bt  -  Diagram  of  Recrystallization  Desvergnes  (Bibl.lj)  has  described  the 

of  Tetryl  from  Benzene 

purification  of  tetryl  with  nitric  acid. 

1  -  Solvent;  2  -  Benzene  metering  tank; 

3  -  Filter;  h-  -  Washing  apparatus;  He  has  demonstrated  the  good  solubility 

5  -  Crystallizer;  6  -  Vacuum  hopper; 

of  tetryl  in  nitric  acid  and  its  suitability 

7  -  Hot  water  tank 

a)  Wash  water;  b)  Tetryl  to  drying;  purposes  of 

for  m>»Mig«M¥aiIcry8talllA-  of  tetryl. 

c)  Steam;  d)  Tetryl 

A  significant  shortcoming  of  this  method  is  the  difficulty  involved  in  the  subsequent 
the 

washing  of/tetryl  free  of  nitric  acid. 

Rscrystalllsstion  of  tetryl ’from  benzene  is  illustrated  in  the  diagram  In 


Fig.66  (Bibl.l6) 
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The  benzene  is  rvn  into  solvent  (l'  from  metering  tank  (2),,  and  raw  tetryl 


is  Vhargod  in.  At  the  conclusion  of  the  charging  period, the  content; of  the 
dissolving  unit  are  heated,  irith  stirring,  to  -  70°,  and  held  until  the 
tetryl  has  dissolved  con^letely.  The  solution  obtained  is  forced  tFirougFi  filter  (3) 
and  washing  apparatus  {!+),  to  which  hot  water  is  added.  The  washed  tetrj'l  solution 
is  lowered  into  crj'stalllzer  (5),  which  has  first  been  heated  to  30  -  35°  to  avoid 
the  formation  of  a  crust  of  crystals  on  the  cold  parts  of  the  apparatus.  After 
charging  and  stirring  of  the  solu^-ion  for  10  min  at  65  -  6j8°,  it  is  cooled,,  with  a 

slow  reduction  in  temperature  to  15  -  20^  (in  a  3  -  A  hr  period). 

When  crystallization  has  come  to  completion,  the  crystallizer  contents  are 
discharged  to  the  vacuum  hofiper  {(>),  with^ agitator  working.  The  tetryl  is  separated 
out  and  washed  once  or  twice  with  benzene.  The  mother  benzene  is  used  several 
times.  From  the  vacuum  hopper,  the  tetryl  is  unloaded  into  sacks  and  sent  to 
dr’-ing.  The  tetryl  crust  formed  on  the  walls  of  the  crystallizer  is  removed  with 
the  mother  solvent  at  "0  -  75°. 

A  special  feature  of  the  crystallization  of  tetryl  out  of  acetone  is  the 
impossibility  of  performing  aqueous  washing  of  the  solution^as  a  consequence  of 
which  removal  of  the  acid  impurities  from  the  solution  of  tetryl  in  acetone  is 

ruled  out.  When  the  mother  liquor  is  used  repeatedly,  the  acidity  both 

of  the  tetrj'l  and  of  the  solvent  increases  sharply.  As  early  as  the  second 
cycling  of  the  mother  acetone,  the  acidity  of  the  tetryl  prior  to  washiiig  with 
alcohol  (on  the  vacuum-hopper)  exceeds  0.02C^.  After  12-13  cycles  of  the 

mother  liquor,  the  acidity  of  the  tetryl  rises  to  0.090  -  0.100^,  and  the  acidity  ’ 

hJ/ 

of  the  mother  acetone  aehieyea  1%.  Therefore,  the  care  with  which  the  mother 
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ac*ton«  is  separatsd  frwn  the  crystallized  tetr/l  is  even  more  important  in 

this  situation  te  the  quality  of  the  final  product  than  upon  crystallization 

from  benzene.  Particularly  great  is  the  effect  of  the  residual  unremoved  mother 

acetone  upon  the  acidity  of  the  tetryl.  Removal  of  acid  impurities  from  the 

tetryl  ynyiiUHi  was  achieved  by  careful  centrifuging  of  the  motl-er  acetone,  as 

wel]  as  by  the  use  of  crystalline  tetryl  alcohol  for  washing. 

Crystallization 

KlWMKKTTTifXKM  of  tetryl  out  of  acetone  is  performed  as  follows. 

The  tetryl  is  first  dried  to  a  moisture  content  of  not  more  than  O.li.% 

(If  moist  tetryl  is  to  be  crystallized,  the  quantity  of  acetone  is  liK  sharply 

increased).  Pure  acetone  (or  mother  acetone  with  cure  acetone  added)  and  tetryl 

are  charged  into  the  solvent.  One  part  tetryl  b”  weight  is  charged  in^per  part 

pure  acetone  ty  weigi.t.  V/hen  mother  acetone  is  emrlo:-ed,  l.L  part  mother  MlUX 

acetone  is  charged  per  part  tetryl  by  weight  . 

Upon  conclusion  of  the  charging,  th©  contents  of  the  dissolving  units  are 

heated  (with  stirring)  to  57  -  "2°,  and  held  for  20  min,  subsequent  to  which 

the  filter  is  driven  from  the  solvent  into  a  crystallizer.  In  the  crystallizer, 

(over 

the  solution  is  slowly  cooled  tM/a.  3  -  3.5  hr  period,  with  stirring)  to 
15  -  20°,  whereupon  the  ciy/stallizer  contents  Jtl  are  delivered  to  the  vacuum-hopper 
to  centrifuge  the  mother  solvent.  After  careful  removal  of  mother  acetone,  the 
cr:.-stallized  tetryl  is  weished  on  a  vacuum-hopper  with  alcohol,  centrifuged  to 
iHtjtiilHHntT  separate  from  the  alcohol-acetone  mixture,  and  sent  to  drying. 

The  mother  solution  may  be  used  as  u^ony  as  13  times  in  the  iX  cr^-rstallizatlon 
process,  and  is  then  redistilled  after  it  has  become  saturated  vrlth  Impurities. 
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Recovery  of  mother  aolvants.  After  being  employed  through  many  cyclee, 

the  mother  solvents  become  saturated  with  impurities,  XKifiitt  from  which  they 

are  cleansed  by  distillation.  To  do  this,  the  mother  benzene  is  placed  in  the 

distillation  still,  and  is  heated  with  spent  steam  to  55  -  ^’0°.  At  this 

temperature,  live  steam  is  ''ed  into  the  still.  The  water  vapors  and  V)enzene 
rectifier 

pass  through  a  tatafflMitr  to  a  iOflflniiWiHiy  ounienser,  where  they  are  condensed 

and  collected  iu  a  receiver.  The  distilled  benzene  is  returned  to  the  tetr’l 

crystallization  cycle.  The  still  residues  are  cooled,  drained  to  the 

vacuum-hopper,  centrifuged  free  of  water,  and  sent  to  be  burned.  Before  distillation 

of  the  mother  acetone,  it  is  diluted  with  water  through  concentration  of  40  -  45^. 

The  mass  is  stirred  for  40  min,  and  then  discharged  into  the  vacuum  centrifuge. 

The  centrifuge  tetip/l  is  sub.leoted  to  recrystallization.  The  filtered, 

diluted  acetone  is  charged  into  a  still  and  iXiUi  heated  with  spent  steam.  The 

rectifier 

acetone  fumes  go  through  a  dgftrmffatar  and  condenser.  In  the  h2  -  70°  temperature 
interval,  the  first  fraction,  consisting  of  acetone  at  a  concentration  of  more 
than  92%,  is  ta'ten  off.  This  acetone  is  reused  as  a  solvent  in  the  crystallization 
of  tetiy.'l.  The  second  fraction,  consisting  of  50  -  55%  acetone,  which  Is  tlunn' 
redistillea,  is  taken  off  In  the  70  -  90°  interval.  The  still  residues  are 
centrifuged  free  of  water  and  sent  to  bo  burned. 

Drying  the  tetryl.  The  drying  of  crystallized  tetryl  is  performed  in 
rack-type  JUQQUtM  dryers  or  in  vacuum  HmuntHHH  desiccators.  Tetryl  crystallized 
out  of  benzene  is  dried  at  60  -  65°  for  24-32  hrs,  and,  if  crystallized  out  of 
acetone,  the  temperature  is  75°  and  the  time  14-18  hrs.  Upon  completion  of 
drying,  teti^^l  is  sent  through^  UX  No. 10  sieve,  packed,  and- made  up  into  lots. 
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The  tetryl  has  to  satisfy  the  following  specifications  (Bibl.l6): 


-  Appearance  -  crystalline  powder  with  no  mechanical  impurities  visible 
to  the  eye; 

-  Color  -  bright  yellow,  and  homogeneous  throughout.  For  tetryl  obtained 
upon  crystallization  from  benzene,  a  yellow  color  is  pemnissible; 

-  Freezing  point,  °C  -  not  less  than  127.7; 

-  Temperature  and  volatile  substances  in  %  -  not  more  than  0.C2; 

-  Impurities  drnolubie  in  acetone  in  -  not  more  than  0.1; 

-  Total  acidity,  in  terms  of  H2S0^  in  %  -  not  more  than  0,01, 

Types  of  tetryl  rejects:  a)  rejects  due  to  freezing  temperature  are  corrected 
by  washing  on  the  vacuum-hopper  -with  benzene  or  acetone,  or  by  'dX  recrystallization; 
b)  rejects  due  to  acidity  are  corrected  by  washing  will  hot  distilled  v.'atsr  on 
the  vacuum-hopoer;  c)  rejects  due  to  color  (green  tetryl)  cannot  be  corrected,  and 
the  product  is  burned. 

b)  Production  of  Tetryl  from  Chlorobenzene  and  Metliylamine  (Fibl.l6.  27.  28.  29.30) 

The  production  of  tetryl  from  chlorobenzene  and  MiiliilLX  methylamine  consists  of 
the  following  processes:  production  of  dinitrochlorohenzene,  production  of  SXXXXMMiUiX 
dinitromcnomethylaniline, arri  production  of  tetryl.  The  first  two  processes  were 
oerformed,  in  Germany,  where  this  was  the  method  used  in  World  War  II,  at  plants 
manufacturing  UUUUEiiM^LIMiUi  dye  UiU  intermediates,  and  th^  latter  process  -  nitration 
of  dinitromonomethylaniline  -  was  performed  at  an  explosivesplant. 

The  production  of  dinitrochlorohenzene  has  been  described  previously  (see  p.20l). 
Dinitrt  raonomethylanlline  is  iXX  obtained  by  condeiiaation  of  dinitrochlorohenzene 

with  methylamine  in  aqueous  solution. 

lOX 

/^62 


2/4.1 


Methylamin®  may  b*  produced  by  IX  heating  a  mixture  of  anunonium  chloride  arel 

i 


2k2 


* 

foraalin  at  105  -  108®  iHUBCI  for  2.5  hrs,  with  consequent  formation  of  CH^NH2  '  HCl 

(Pibl.20).  . ■  s 

The 

JSSHH  condensation  reaction  is  run  in  the  presence  of  caustic  alkali  at  f'5  _  70®. 

The  resultant  product,  having  a  freezing  point  of  170  -  172°  and  a  moisture  of  20% 

t, 

la  sent  explosives  plant  for  nitration  to  tetryl. 

Figure  ^7  illustrates  the  production  of  tetryJ  from  dinitromonomethylamiline. 

For  safe  nitration,  dinitromonomethylaniline  is  converted  to  the  sulfate  salt. 

With  tills  ob.iect,  dinitromonomethylaniline  is  introduced  into  agitator  (2),  containing 
2.5  times  its  quantity  in  sulfuric  acid  (96  -  99^  H^SO/^).  The  solution  of  the  sulfate 
salt  in  sulfuric  acid  is  delivered,  simultaneousljrith  the  nitro  mixture,  into  t!,e  ma;;or, 
continuous  nitrator  (6).  The  temperature  in  the  ma.ior  nltrator  is  held  at  /.O®, 

and  *^he  buffer  nitrator  20°. 

From  the  htiffer  nitrator  (7),  the  reaction  mixture  goes^in  sequence,  to  two  vacuum 
hoppers  (9).  At  the  center  of  the  vacuum  hopper  there  is  a  discnarge  aperture  with  a 
cover  atop  it.  Vacuum  is  employed  to  centrifuge  the  spent  acid  out  of  the  vacuum  hopper, 
and  the  tetr;.'!  is  washed  out  with  water  through  the  central  aperture  into  one  of  two 
agitators  (10),  with  stirrers  and  a  conical  bottom.  Here,  the  precipitate  is  mixed  with 
water  and  the  suspension  is  sent  to  vacuum-centrifuges  (11),  where  the  residue  is 


soda 


centrifuged  free  of  water  and  washed,  first  wltji  iiUUUi  solution,  and  then  with  water. 

The  spent  acid  contains  approximately  6C^  H^SO/^jianl  7%  HNO3. 

The  raw  tetryl  Is  eent  to  rocrystallization  in  another  building.  The  reerystalllzatic 
procedure  ie  illustrated  in  Fig. 68. 
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Two  hundred  liters  of  water  are  run  into  crt.’^stallizer  (l),  of  stainless  stool. 


from  tank  (?)}  80  -'90  liters  of  acetone  are  run  into  tank  (2),  and  the  raw  tetryl  Is 
run  into  tank  (3)  (onto  a  sieve  at  its  bottom).  The  acetone  from  tani  (2)  is  drained 
into  crystallizer  (])  (over  the  water)  and  heated  to  boiling.  The  acetone  vapors  are 
sent  to  condenser  (4)  from  which  the  condensate  is  discharged  to  a  tank  (3),  where  the 
acetone  dissolves  tetirj’^l,  and  the  solution  flows  to  a  crystallizer.  After  solution  of 


Fig. 67  -  Diagram  of  Production  of  Tetryl  from  Dinitromonomethylaniline  (DNMA) 

]-  Commercial  sulfuric  acid  metering  tank;  2  and  10  -  Agitators;  3  -  Sulfate 
receiver;  4  -  Sulfate  metering  tank;  5  -  Mixed-acid  metering  tank;  6  -  Main 
nitrator;  7  -  Buffer  nitrator;  8  and  12  -  Viater  tanks;  9  and  11  -  Vacuum  filters; 

13  -  Tank  for  iUU  soda  solution;  14  -  Spent  acid  collector 
a)  Tetryl  to  crystallization 

all  the  tetryl,  which  occurs  in  about  3.5  hrs,  the  acetone  is  sent  from  the  condenser 
to  tank  (2),  and  heating  is  continued  until  it  is  completely  driven  out  of  the 
crystallizer.  The  contents  of  the  crystallizer  are  Xi  then  cooled  to  20°.  The  driving 
off  and  cooling  take  about  1.5  -  2  hrs.  Then,  a  little  soda  is  added  to  the 
crystaliizer  (l),  and  the  mass  is  sent  to  a  vacuum  filter  (5)  where  the  tetryl  is 
filtered  off.  The  filtered  water  from  receiver  (6)  is  sent  to  tank  (7)  and  reused.  The 
filtered  and  washed  tetryl  is  dried  at  70°  over  a  period  of  15  -  18  hrs. 

The  melting  point  of,  the  product  is  129.5°. 
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2U2  Safety.  Tetryl  manufacture  is  dangerous.  XXKXMXXXUCXKXXJfZ 

The  nitration  of  dimethylanillno  sulfate  is  accompanied  by  the  considerable  heat 
effect.  A  sudden  rii«o  in  temperature  due  to  cessation  in  agitatinn  or  cooling 

usually  terminate  in  the  expulsion  of  the 
mixture  from  the  nitrator,  and  in  its  ignition. 
Should  the  temperature  drop,  the  rate  of  nitration 
is  sharply  reduced,  and  the  conditions  arise  for 
sudden  development  of  an  exothermic  reaction 
(due  to  accumulation  of  unreacted  components), 
which  often  terminates  in  ignition  of  the  mass. 

Prevention  of  these  phenomena  requires  that 
acceleration  of  run-in  of  components  to  the 
nitrator  to  a  speed  inducing^rise  in  temperature 
above  the  permissible  level  be  prohibited.  It  is 
necessary  to  maintain  a  proper  relationship 
2lt.3  among  the  components  delivered  into  the  nitrator.  If  the  temperature  rise  is  greater 

fiUHthan  that  estaolished  in  terms  of  a  technical  process,  run-in  has  to  be  stopped  HHBBtlKimji 
immediately,  and  cooling  intensified.  If  these  measures  do  not  suffice  to  stop  the 
rising  temperature,  it  is  necessary  immediately  to  dump  the  nitrator  contents  into  an 
emergency  vat  already  fu]l  of  water. 

The  nitration  shop  must  have  good  ventilation  of  the  processes,  inasmuch  as  a  large 
quantity  of  dangerous  gases  (nitrogen  oxides,  nUIKIM  dimethylaniline  fmnes)  is 
liberated  in  the  course  of  the  work. 

Unpurifimd  raw  tstryl'has  little  MX  stability.  Among  other  things,  this  renders 

xn 


Fig.hg-  Diagram  of  Reorystallization 
of  Tetryl  from  Acetone 
1  -  Crystallizer;  2  -  Tank  for 
acetone;  3  -  Tank  for  tetryl; 
k  -  Condenser;  5  -  Vacuum  filter; 
h  -  Receiver  for  water;  v  -  Tank 
for  water 
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243  difficult  nitration  In  contlnuoua-actlon  apparatus.  Whereas,  In  batch-type  work, 
the  nitrator,  and  the  other  apparatus  are  carefully  washed  free  of  products  after  each 
operation,  in  continuous  apparatus,  some  portion  of  the  tetr:;l  will  be  retained  for  a 
considerable  period  on  such  portions  of  the  apparatus  as  the  coils,  the  upper  portion 
of  the  inner  surface  of  the  nitrator,  the  cover,  etc.  In  the  course  of  time,  this 
product  will  decompose  and  may  even  ignite.  Thus  far,  periodic  stoppage  of 
continuous-action  systems  for  washing  and  cleansing  of  all  apparatus  continues  to  be 
a  realistic  method  of  combating  this  phenomenon. 

The  process  of  crystallization  of  tetryl  is  also  dangerous,  and  it  particularly 
pertains  to  crj'Stallization  out  of  acetone,  which  is  highly  comV>ustibie  and  may  create 
ejiploaive  mijttures  with  air. 

Before  repair,  it  is  necessary  to  clean  and  wash  the  apparatus  careful  I;;-.  The 
possibility  of  flame  must  be  eliminated  completely  in  the  shop,  and  therefore  there 
must  be  dependable  insulation  of  wires.  Motors  must  he  installed  in  a  different  building, 
and  illumination  should  be  from  without. 

Section  3.  Tetryl  Analogs 

2,4, 6-Trinitroaniline  ( picramide) 

NHj 

\/ 

NO, 

is  a  iillX  hygroscopic  crystalline  substance,  yellow  in  color,  with  a  melting  point  of 
192  -  195°. 

Production  of  trinitroanillne  begins  with  ortho-  or  para-nitroaniline,  irtiioh  is 
dissolved  in^h)  10  parts  95^  BUI  sulfuric  acid  by  weight  and  then  nitrated  with  a  mixture 
cohsisting  of  1.5  part  potassium  nitrate  by  weight,  and  10  parts  95^  sulfuric  acid. 
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Nitration  is  parformad  at  a  temparature  of  0  -  5°«  Wl'ien  run-in  is  oomplsted,  the  mass 
is  left  until  the  next  day  and  then  4.5  Itr  saturat.d  table  salt  solution  is  added  at  0®. 
The  picramide  comes  dovm  as  fine  crystals.  It  is  centrifuged  out  and  washed  with 
water.  The  yield  of  product  is  about  80?  of  the  theoretical.  The  low  yield  is  due 
to  partial  hydrolysis  of  the  product,  in  the  course  of  which  aznmonia  and  picric  acid, 
which  are  comparatively  readily  soluble  in  water,  are  formed: 

C*H,(NO,)sNH,  +  HK)  -►  CgH.(NO,),OH  +  NH,. 

Picramide  may  also  ie  obtained  from  aniline  by  Jjyt  preliminary,’-  conversion  thereof 

into  acetanilide  C5H5NH-COCH3,  in  the  nitration  of  which  the  metanitro  derivative  is 

not  obtained  as  occurs  in  the  nitration  of  aniline  in  sulfuric  acid  solution. 

The  explosive  properties  of  picramide  are:  volume  cf  gaseous  explosion  products 

'■’24  Itrikg,  heat  of  explosion  990  cal/kg,  Trauzl  block  expansion  295  00. 

trinitroaniscle 

Trinitroaniline  approximates  KHKHti-iMMlOtli  as  an  explosive,  but  is  considerably 
inferior  to  tetry-'T  (Pit  1.30).  Picramide  has  no  practical  application  at  the  present 
time. 

2,3,4,6-Tetranitroaniline 

NHj 

0:N/''|NO, 

i^>0= 

NO, 

is  a  yellow  crystalline  product  which  decomposes  upon  fusion  at  217  -  230°,  and  has  a 
specific  gravity  of  l,d67.  A  density  of  1.68  is  attainable  by  pressing.  Titntmwit 

Tetranitroaniline  is  virtually  non-hygroscopic,  insoluble  in  water,  and  poorly  soluble 

* 

in  the  common  solvents,  and  can  bo  recrystallized  frca  nitrod^rlene. 

I 

At  room  teaqaerature,  water  virtually  fails  to  react  with  tetranitroaniline,  but 


at  50®,  the  reaction  goes  at  a  noticeable  velocity,  while  upon  boiling,  converelon  Into 
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trinitrominophenol  goes  quite  energetically: 


NH| 

OjN/NnOz 

\>°= 

NO, 


+  llO 


NH, 

OjN-^^O, 

NO, 


+  HNO,. 


Heating  with  ethyl  alcohol  results  in  the  formation  of  trinitroaminophenetol.  The 
nitro  group  in  the  meta-position  is  instantaneously  and  completely  detached  at  room 
ten^erature  in  an  aqueous  acetone  solution  of  sodium  acetate,  also  resulting  in  the 
formation  of  trinitroaminophenol,  when  KOH  is  reacted  with  trinitromminophenol, 
trinltrcresorcinol  is  formed: 


NH, 

NM7 

1 

on 

1 

1 

/yNo, 

1 

O;N-/yN0., 

■ 

'^yoii 

1 

1 

NO, 

1 

NO, 

NO  2 

OH 


The  stability  of  tetranitroaniline  is  satisfactory.  It  will  stand  an  Abel  test 
at  71®  for  1  hr.  The  ^  tetranitroaniline  I'wnufactured  during  World  War  I  was  no 
longer  useful  after  SJE  9  years  and  further  storage  was  dangerous. 

The  flash  point  is  222  -  223°.  The  shock  sensitivity  is  considerably  ..ess  than 
that  of  tetryl.  Expansion  in  a  Trauzl  block  is  4-30  cc,  i.e.  10  -  15%  higher  than  that 
of  tetryl. 

According  to  A.A.Solonina  who  made  a  detailed  study  of  the  properties  of 
tetranitroaniline,  it  may  serve  as  a  substitute  for  tetryl  (Bibl.23).  A  plant  to 
manufacture  tetranitroani.line  for  uee  in  filling  detonators  wae  built  in  the  USA  diwing 
World  War  I. 

According  to  the  Flurechelm  patent,  tetranitroaniline  is  obtained  from 
meta-nitroanlline  by  solution  of  1  part  thereof  by  weight  in  a  mixture  consisting  of 
3  parts  KNO3  by  weight  and  36  parts  coaswrcial  sulfuric  acid  by  weight  at  68  -  70°. 
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After  vth«  mixing  of  the  components,  the  mass  is  held  at  a  teoiperatui-e  of  100®.  Then 


245  by  wight)  and  hold  for  a  week.  The  meta-nitrotetryl  which  forma  cryatallizea  out  of 
eolution,  and  the  tetryl  obtained  simultanooualy  remains  in  themather  liquor. 

The  meta-nitrotetryl  that  has  come  down  is  separated  frcmi  the  solution,  washed  with 
water,  and  dried. 

As  alreeidy  indicated  above,  meta-nitrotetrvj  can  be  obtained  lil!  under  other 
conditions  by  the  nitration  of  dimethylanilinesulfate  (the  conditions  for  production 
of  tetrj'l).  However,  the  main  source  of  the  formation  thereof  in  this  latter  case  is 
deemed  to  be  an  admixture  o.f  monomethylanillne  in  the  initial  dimethylanilirie. 

Neta-nitrotetrj’-l  is  a  white  IDS  crystalline  substance  with  a  yellowish  tinge,  having 
a  melting  point  of  146®. 

Th.e  nitro  group  in  t!ie  meta-position  is  readily  replaced  by  h,•','drox^•l  when  the 
material  is  treated  with  water.  In  treatment  with  soda,  both  the  nitro  group  in  the 
meta-poiition  and  the  nitro  amine  group  undergo  saponification,  the  consequence  being 
a  double  sodium  salt  of  styphnic  acid: 


\  / 

ON’a 

N 

1 

-.'Vno, 

+2NI.CO, 

0,N-"'''-j-N0, 

,  /I- NO, 

j 

+11,0 

'n/-0N3 

( 

NO| 

N0| 

Analogous  reactions  also  occur  under  the  effect  of  other  reactants  (Bibl.32): 


CH3  NO,  CH,  NOt 

\  /  \  / 

N  N- 

O.N-|'^'>-NO|  +H.0  OsN— 

■*  y-oH  > 

NO,  NO, 


I 

NO, 

CH,-N  -  NO; 


CH,-N-NO, 


I  A 

0,N— 1^^— NO,  +CH,OH  0,N— f  ]-NO,  . 

I^/Lno, - -  Ij-OCH, 
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CH| 

NH(CH,h  o,n/\ 


o,n/\ 


'v/'N(CH3)j  CH, 

NOj  HNO,  OjNf^^NO: 


'  JSO,N* 

CH, 

NH,CH.,  0,n/N 


;n-ch, 


INHCH,  — 


An  analogous  process  was  developed  by  T.Urbanski  (Bibl,16). 

Methyltetryl  may  also  be  obtained  from  the  ittXlX  wastes  of  trotyl  production: 

sulfite  caustics  (see  section  "Trotyl  Production"), 

2,k,  '^-Trin i tro-1, 3-di- ( methy l-N-nitroamino ) -benz ene  ( d itebrj^l ) 

CH,  NO, 

\  / 

N 

o,n/\no, 

NO(  ^NO. 

247  (or,  more  accurately,  methyl-N-nitroaminotetryl)  is  a  ciy.-stalline  substance  melting  at 
206°.  It  was  first  obtained  by  van  Romburgh  in  1887  (Bibl.35)  by  nitrati^on  of 
N,N*-dimethyl-meta-phenylenediamine.,  A  more  convenient  method  is  that  o.''  obtaining 
it  from  tetranitromethyl-M-nitroamine,  as  developed  by  van  Du'ti  (Fibl,32): 


CH,  NO-. 

CH,  NO; 

\  / 

x  / 

N 

N 

a.Nj^^|Nu.. 

4Nli,r.ii,^  0.n/  .NO.y 

!  'no, 

'  X 

-UNO,’  NHCH, 

NOe 

NO., 

CH,i  NO, 

\  / 

N 


NHCH,  I,  CH, 

NO.,  ^NOs 


In  its  explosive  properties,  t.his  substance  is  virtually  equivalent  to  tetryl. 
However,  it  is  more  sensitive  to  mechanical  effects.  Ditetryl  explodes  when  a  2  kg 
weight  is  dropped  from  21  -  26  cm  (for  tetryl  a  height  of  49  -  51  cmyis  required) 
(Bibl.l6).  The  flash  point  of  ditetryl  is  214®. 

2 ,4, 6-Trlnltrol-l,3 , 5-tri-(methyl-N-nitroamino )-bonzene 
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247 


CHj  NO. 

\  / 

N 

OjNf^^NO. 
HsC-n'^/N-CHs 
NO.  '^NO. 


Tritetryl,  or,  more  accurately,  dimethyl-N-nitroamino-tetiy.'-l  is  a  crystallized 


substance  wi.th  a  melting  point  of  260°  (melts  witiv  decomposition).  It  was  first 


obtained  by  BlJinksma  in  1908  (Bibl.36)  by  nitration  of  2,4,6-trinitro-l,3,5- 


trimethylamino benzene.  In  1937,  T.Urbanski  (Ei.hl,37)  suggested  a  method  of  producing 


tritetry]  from  trinitrotrichlorobenzene: 


Cl 


Cl'^^CI  _2HCI 

NO- 


NHCHa 

0,Nr''\NOs 

NO. 


CH,  NO.  ■ 

\  / 

N 

+3HN0,  OjNj^^NO. 

'  OoN-nI^/'N-CHs 
H3C/  NO.  '^NO, 


He  also  was  responsible  for  determining  the  explosive  properties  of  this  product 
and  showed  that  tritetry]  is  similar  to  tetry/l. 

Thus,  despite  the  fact  that  the  molecule  of  this  substance  has  six  nitro  groups, 
as  against  four  in  the  case  of  tetiy.'l,  no  greater  explosive  property  is  observed. 
2,4,6-Trinitrophenylethyl-N-nitroaBiine  (ethyltetryl) 


CjHj  NO. 

\  / 

N 

0!Nj^''jN0. 

V 

NO. 

is  a  crystalline  substance,  vrlth  a  meltipg  point  of  96®.'  It  was  first  obtained  by 
van  Romburgh  in  1883  (Bibl.33)  by  nitration  of  ethylaniline.  In  ite  properties,  this 
product  is  similar  to  tetryl  (its  e^^losiv#  characteristics  are  somewhat  lower).  Medard 
(Bibl.38)  showed  the  fugacity  of  ethyltetryl  to  be  1.04  times  that  of  picric  acid. 
Ethyltetryl  may  be  produced  by  condensation  of  dlnltroehlorobenzene  with 
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monoethylamins  arjd  subsaquent  nitration  of  the  dinitro  compoxind  obtained  by  mixed 
sulfuric  and  nitric  acid^  (50  -  60^  H2SO4  and  40  -  $0^  HNO^)  at  40  -  50°  (Bibl.39', 
Section  4.  Hexanitrod iphenylaniine  ( Hexyl ) 


Hexanitrod ipheny lamine 


NO,  NO, 

0,N-<'~):-NH-(^~')-NO, 

I  f 

NO,  NO, 


obtained 

was  first  pMitltM  by 


Austen  in  1874  by  nitration  of  pioril-para-nitroaniline; 


NO,  NO; 

_ I  1  _ 

'  'no.  m. 


Onehm  obtained  it  by  nitration  of  diphenylamine.  These  methods  have  not  found 
practical  application  because  of  the  high  cost  of  the  hexy] . 

Tn  1913,  Carter  worked  out  the  method  that  has  found  practical  application,  base'i 
on  reaction  of  2,^).*<ilnitrochlorobenzene  with  aniline,  resulting  in  dinitrodiphenylamine: 


0:N-<(_/-CI+2^_\— NH,-»  0;N-(_  HCl 

lio, 


NO, 


Nitration  of  this  product  with  nitric  acid  yields  hex:.^!.  The  production  of  hex;/l 
was  begun  in  Germany  in  1915,  with  the  use  of  this  method. 

In  1920,  Marshall  in  the  USA  suggested  that  hexyl  be  produced  by  treatment  of 
dinitrodiphenylamine  vfith  mixed  sulfuric  and  nitric  acid. 

Properties  of  hexyl.  Hexyl  is  a  yellow  crj’-otalline  powder  vrith  a  melting  point 
of  245°  (and  it  decomposes  on  melting). 

Hexyl  ia  not  soluble  in  the  usual  solvents  or  In  water.  It  hygroscopieity  is 
0,09^.  It  is  capable  of  being  recrystallieed  fran  acetone,  glacial  acetic,  and 
concentrated  nitric  acids. 
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Because  of  the  presence  of  six  nitro  groups,  the  hydrogen  atom  in  the  amino  group 


is  acid  in  character,  and  this  is  expressed  in  the  fact  that  it  is  capable  of  being 
replaced  by  a  metal,  i.e.,  hexj'l  behaves  as  an  acid  JBC  (Bib], 4.0,  4l).  Metallic  salts 
thereof  may  be  obtained  by  heating  aqueous  or  alcohol  XMMUM  solutions  of  metal 
hydroxides  or  carbonates  with  hexyl  suspended  in  these  solutions.  The  metal  salts 
are,  except  for  the  ammonia  iUiX  and  magnesium  salts,  XX  more  sensitive  to  mechanical 
effects  than  is  liexj'l.  The  lead  salt  is  the  most  sensitive.  However,  in  view  of  the 
fact  that  hex;i"l  is  virtually  IKliM  insoluble  in  water,  the  formation  of  salts  is  of 
little  probability  under  normal  conditions. 

Hex;"!  turns  brown  under  solar  irradiation.  Its  stability  is  somewhat 

less  tlian  that  of  trotyl,  tut  higher  than  that  of  The  flasi':  point  is  also 

higher  than  that  of  tetry-l,  and  is  250*^,  Shock  sensitivity  is  less  than  that  of  tetryl, 
but  somewhat  higher  than  that  of  picric  acid.  Hexyl  is  more  sensitive  to  det,onat.ion 
than  tetryl.  The  maximum  initiating  charge  (a  mixture  of  mercury  fulminate  and 
potassium  c^dorate)  is  0.18  gm  for  hex’, 'I,  and  0.20  gm  for  tetryl.  The  volume  of  gaseous 

Ka-"' 

explosion  pralucts  is  '  75  Itr/kg,  the  heat  of  explosion  is  1080  kca}./kg,  the  brisance 
is  4.9  mm  due-tn  Hast,  and  the  fugacity  is  320  cc..  The  velocity  of  detonation  of 
hex>’l  (at  a  density  of  l.bo)  is  7145  m/eec. 

The  effect  of  hexyl  upon  the  skin  ie  to  cause  dermatitis.  Hexyl  dust  irritates 
the  mucous  membranes  of  the  mouth  and  nose,  and  affects  the  lungs. 

During  the  First  World  War,  hexyl  was  employed  with  trotyl  to  fill  naval  munitions, 
as  a  mixture  of  the  following  composition:  30  -  40^  trotyl  and  60  -  ICfi  hexyl.  The 
density  of  these  mixtures  was  1.64  -  1.70,  In  tUs  UBA,  the  proposal  was  advanced  that 

I 

hexyl  bemused  for  detonators  instead  of  tetryl.  During  the  Second  World  War,  hej^l  was 


2if9  manufactured  in  some  small  quantity  only  in  Germany,  where  it  was  employed  in  a  mixture 
with  trotyl  and  aluminum  to  fillmaval  munitions  (torpedoes  and  submarine  mines).  The 
explosive  properties  of  these  mixtures  are  presented  in  Table  79. 


Table  79 


o) 

b] 

i 

1 

c) 

1 

d) 

f) 

f) 

60/24/16 

85 

1.73 

6840 

610 

1400 

408 

4.2 

67/8/25 

85 

1 

1,81 

6600 

1 

468 

1665 

1 

358 

4,4 

a)  Mixture  (trotyl-hexyl-aluminum) ;  b)  Temperature  of  filling,  °C;  o)  Density,  gjn/co; 
d)  Velocity  of  detonation,  m/sec;  e)  Volume  of  gases,  Itr/kg;  f)  Heat  of  explosion, 
kcal/kg;  g)  Fugacity,  cc;  h)  Brisance  due  to  Kast,  mm 

Production  of  hexyl .  Hexyl  may  be  obtained  by  nitration  of  diphenylamine  in  one 
or  two  stages.  In  the  former  instance,  the  dlpiienylamine  is  dissolved  in  sulfuric  U 
acid,  and  the  resultant  solution  is  slowly  run  into  concentrated  nitric  acid.  In  the 
second  case,  nitration  is  run  in  two  stages,  the  first  employing  a  mixed  acid  consisting 

a 

of  Kti03;  2<^  H23O4;  Z0%  H2C,  whereas  the  second  stage  uses  a  mixture  consisting  of 
'lyl  HNO3;  251;  H2S0;^;  2%  H2O  (Pl’nl./+2). 

When  hexyl  is  produced  on  an  industrial  KI  scale,  the  starting  substances  are 

dinitrochlorobenzene  and  aniline,  condensation  of  which  yields  dinitrodiphenylamine. 

The  resultant  product  is  nitrated  in  tvro  stages  to  hexyl. 

in 

These  processes  were  developed  XXUi  Germany  by  Carter  and  in  tlie  USA  oy  Marshall. 
According  to  HKKMt  Carter's  method,  alcohol  is.  used  as  the  medium  for  condensation 
(2.5  parts  alcohol  by  weight  per  part  of  dinitrochlorobenzene).  Two  molds  -f  aniline 
(1  mole  going  to  neutralize  HCl)’i8  used  per  mole  of  dinitrochlorobenzene.  Toward  the 
end  of  the  reaction,  the  mass  beccnss  thick  and  takes  on  a  dark  red  color.  Then,  water 
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is  added,  neutralization  with  chalk  is  performed,  and,  ZtXKjQUiXM^  after  filtration, 


the  mixture  is  washed  vdth  water.  The  result  is  dinitrodiphenylamine  with  a  melting 
point  of  150  -  15h°  (the  pure  substance  melts  at  156  -  157°). 

Nitration  to  tatranitrodiphenylamine  is  performed  with  ^2'X  nitric  acid  (8  parts 
by  weight  per  part  of  product  by  weight).  Delivery  of  the  nitro  product  into  the 
nitric  acid  was  begun  at  4f°,  and  ended  at  90  -  100°.  Upon  cooling,  the  KliiiiX 
tetranitrodiphenylamine  dissolved  in  the  hot  HNO3  came  down; 

_  ” 

NGj 

Nitration  of  the  tetranitro  product  to  hexy]  is  performed  with  987  nitric  acid 

in  IKIiSia  eight-fold  the  weight  of  the  product,  Mixture  of  the  components  begins  at 

suction  filters. 

/i.0°  and  ends  at  90°.  Kok/I  is  separated  from  the  spent  acid  on  Mwteehee.  Washing  of 

the  hejCv'l  with  water  is  also  oonducte<i  in  this  equipment.  After  the  washing,  the  he>[;'l 

is  centrifuged  free  of  water  and  dried  at  70°  for  35  -  48  hrs. 

Under  Marshall's  method,  condensation  is  performed  in  wa:er.  Toward  this  end, 

2  moles  of  aniline  and  1  mole  of  dinitrochlorobenzene  are  suspended  in  water  heated 

to  60°,  in  three- fold  the  weight  of  the  combined  chemicals.  The  mixture  is  heated, 

250  with  continuous  agitation,  at  80°,  for  1  hr.  The  dinitrodiphenylamine  forms  as  large 
* 

clumps  of  red  spioular  crystals.  For  complete  solution  of  the  aniline  h>'droc!iloride ^ 
iil  ThCUA 

is  stirred  for  another  half  ho;u'  at  80°.  The  resultant  dinitrodiphenylamine  is 

A 

filtered,  washed  with  dilute  hydrochloric  acid,  then  wljlh  water,  and  dried.  The 
resultant  product  has  a  melting  point  of  148  -  152°. 

Nitration  is  performed  with  a  mixture  of  sulfuric  and  nitric  acids.  One  part 
dinitrodiphenylamine  is  added,  at  70°,  to  four  parts  mixed  acid  of  the  following 
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coinijositlon:  30  -  ^5%  HNO3  and  40  -  50^  H2SO4.  It  is  then  held  that  80  -  90°,  at  the 
conclusion  of  which  the  mass  is  cooled  and  filtered.  The  result  is  an  amorphous 
substance  of  yellow-brown  color,  which  is  nitrated  to  hexanitro  compound  hy  mixed  acid 
consisting  of  60^  HNO3  and  hOJl>  H2SO4,  3.75  parts  mixed  acid  by  weight  being  employed 
per  part  tetranitro  product  by  weight.  Mixture  of  the  components  is  performed  at  70°, 
and  it  is  hold  at  90°.  The  product  is  filtered,  washed,  and  dried.  The  hexyl  obtained 
has  a  melting  point  of  238.5  -  239.5°. 

Depending  upon  the  method  of  production,  the  hexyl  may  he  loose,  dense,  or  • 
finely  crystalline. 

B.  Hexogen  and  Other  Wltro  Derivatives  of  the  Heterocyclic  Amines 

Hexogen  or  oyclotrimethylenetrinitroamine,  along  with  PTEN,  is  one  of  the  most 
powerful  explosives  used  in  minitions  in  rforld  War  II  by  all  the  warring  countries. 

The  reason  for  this  is  its  high  brisanoe  and  the  sbabilit;,  of  hexogen,  a  relatively 

c) 

h) 

1 

j) 


Fig.69  - 

a)  Air;  b)  Water;' c)  Coal;  d)  Oxygen;  e)  Nitrogen;  f)  Hydrogen;  g)  Amnonla  (NH3). 
h)  Carbon  monoxide  (CO);  l)  Nitric  acid  (HN03)i  j)  Formaldehyde  (CH2O); 
k)  Urotropln(6[(CH2)6  1)  Hexogen  [(CH2NN02)3] 


b) 


)  '«)  ^f)  dJ 


\/  \  \ 
9) 


i) 


K) 
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simple  production  technology,  and  a  virtually  unlimited  supply  of  raw  matei:;lal3 


251 


inasmuch  as  the  raw  materials  -  urotropintand  nitric  Ml  acid  are  ultimately 

is 

produced  fron  coal,  air,  and  water,  as/shown  in  Fig. 69. 

Hexogen  was  first  obtained  in  1897  by  Lenze.  In  1899,  Henning  (Fibl,43)  took, 
out  a  patent  for  a  method  of  producing  it  via  urotropinedinitrate,  in  the  belief  that 
hexogen  would  necessarily  have  to  have  pharmaceutical  properties.  In  1920  Herz 
(Bi'ol./*4)  suggested  that  hexogen  be  produced  by  direct  nitration  of  urotropirf-with 
concentrated  nitric  acid,  and  showed  that  it  is  an  ejtplosive.  Since  that  day, 
investigation^of  methods  of  production  of  hexogen  and  study  of  its  explosive  properties 
nave  continued. 

As  early  as  1932  -  1933,  production  of  hexogen  by  the  Herz  method  in  continuous- 
process  installations  was  begun  In  England  (Elhi,i.5)  and  apparently  in  other  MMX 
countries  as  well.  In  subsequent  years  and,  particularly  during  World  War  II,  additional 
methods  of  pro-iucing  hexogen  were  developed. 

The  production  of  hexogen  during  World  War  II  attained  360  tons  per  day  in  England 
(hlbl.45),  . 

350  tons  per  day  in  the  USA,  334  tons  per  day  in  Germany.  During  World  V/ar  II 
as  a  whole,  Gennany  produced  a  total  of  113,000  tons  of  hexogen  (Biil.46). 

In  Japan  (Pibl,4?),  hexogen  was  enployed  in  a  mixture  wi.th  trinitroanisole 
IKjfX  (60^  trinitroanisole  and  40%  hexogen).  Hexogen  was  employed  in  mixtures  with 
other  explosives  in  various  types  of  munitionsj  artillery  shells,  aviation  shells, 
submarine  mines,  and  torpedoes.  The  majority  of  ersatz  explosives  contained  from 
10  -  30,0  hexogen. 

Section  1.  Chemistry  of  Production.  Properties  and  Applications  of  Hexogen 

8 

Hexogen  may  be  obtained  by  nitrolysis  of  hexamethy-lenststramine ,  or  urotropln^ 
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c'.M;  CM|  ‘■■Hi  trimethanolamine 


NO 
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\ 

Nc>  — N  N  — NO 
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^  CM...  CM... 
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According;  to  Paehman  (Bibl.2^9,50) ,  a  mediim  of  pH  =  3  is  required  for  the 
formation  of  dinitrosopentameth'"lenetetrainine,  while  a  medium  of  pH  =  1  is  required 
in  order  to  obtain  trinitro3oc.Yclotrimethylenetriamine. 

Studies  of  the  structure  of  the  cr,v3tal  lattice  of  hexameth.vlenetetramine  confirm 
the  correctness  of  the  Duden  and  Sharf  formula,  ty  means  of  which  one  ma,-  arrive  at 
the  structural  formula  of  hexogen.  Under  these  circumstances,  hexogen  mav  he  regarded 
as  a  derivative  of  a  r.YT'othefical  c.'  clotrimeth.vleneiriamine: 


CH. 

/  \ 

M-N  .N- 

■  I  I 

CH|  CM. 

\ 

N 

I 

II 


H 


CH..  .  .  ■  - 

c  \  . 

0;N  -  N  N  —  NO.. 

eye lotrimeth;.  lenetriamine  cyclotrimethelenetrinitroamine 

N  . 

I 

NO. 


Urotropine  is  a  white  crvstalline  powder,  sweet  to  the  taste.  It  is  stable  upon 
storage  in  air.  When  heated  to  over  100°,  a  small  quantit.v  volatilizes  with  partial 
decomposition,  and  raethylaniine  is  formed.  In  vacuum,  volatilization  occurs  at 
230  -  270°,  virtually  without  decomposition.  The  solubility  of  urotropine  at  20°  in 
various  solvents  is  adduced  in  Table  PO. 


> 
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Table  80 
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“  * 

Solvent 

[  Solubility  of  Urotropine, 
in  gm,  per  100  gm  Solvent 

1 

Water 

167 

Absolute  ethyl  alcohol 

2,89  . 

90%  ethyl  alcohol 

5,58 

0,23 

Benzene 

Xylene  1 

0,14 

Urotropine  is  capable  of  reacting  with  hydrogen  peroxide  in  the  presence  of 
citric  acid,  to  form  h^amethylenetriperoxidediamine: 

/CHj-0-O-CH,s^ 

QH,jN,  +  3HjOj  -  N— CH,,-0-0  -  CH,— N  +  2NH,. 

"'"CHj-O-O-  Ch/ 

Wnen  an  aqueous  solution  of  sodium  nitrite  and  sulfuric  acid  are  reacted  with 
heccamothylenetetramine,  dinitrosopentameth.vle  tetramine  |LKIJ!ilX51X  is  produced  (Bibl.Sl) 

CH,-N-CH, 

I  I  I 

ON-N  CH,  N-NO, 

I  I  I 

CH,-N-CH, 

which  is  an  unstable  substance  completely  decomposable  by  water  in  accordance  with 
the  following  mechanism: 

C.H.oN.Oj  +  SHjO  5CH,0+2NHj+2N,. 

Urotropine  is  a  weak  base.  With  weak  nitric  and  acetic  acids,  it  forms  salts, 
but  sulfuric  and  hydrochloric  acids  decompose  urotropine  in  accordance  with  the 
following  equation 

C,H„N4  +  4H,S04  +  6H,0  -  6CH,0  +  4NH4HS04. 

Acetic  acid  yHHI  yields  a  salt  of  the  following  composition:  •  3CH3COOH, 

Nitric  acid  in  the  form  of  a  weak  alcoholic  solution  forms  urotropine  nitrate 

« 

^6^12^4  '  HNO3,  a  crystalline  substance  readily  soluble  in  water.  An  aqueous 'solution' 
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thereof  is  neutral  in  reaction.  When  weak  nitric  acid  (50^)  reacts  upon  an  aqueoue 


iOQil  solution  of  urotropine,  urotropine  di^iJirate  C(^,Hi2N4  •  2HNO3  is  formed. 

Urotroplne  dinitrate  may  be  obtained  in  two  ways: 

1^  one  part  urotropine  by  vreight  is  dissolved  in  2  parts  water;  the  solution  is 
cooled  to  0  -  5°,  and  0.9  part  65^  nitric  acid  by  weight  is  added  thereto  gradually, 
with  agitatiLo; 

2)  dry  urotropine,  one  part  by  waight  per  2.5  parts  acid  is  added  gradually  to 
35%  nitric  acid^with  agitation  and  cooling  (to  5°). 

In  both  cases,  a  white  crystalline  precipitate  of  urotropine  dinitrate  comes  down 
out  of  solution.  It  is  filtered  ani  washed  with  a  50%-  aqueous  solution  of  alcohol  and 
ether.  Yield  is  95’  of  theoretical. 

'^initrate  haa  a  melting  point  of  165®  (it  decomposes  on  melting).  It 
is  readily  soluble  in  water.  As  a  consequence  of  hydrolysis,  the  solution  acquires  a 
highly  acid  reaction  and,  when  allowed  to  stand,  dpcomposes  with  liberation  of 
formaldeh'-de.  Urotropine  dinitrate  is  not  soluble  in  alcohol,  ether,  chloroform,  HHiX 
acetone,  and  carbontetrachloride. 

Urotropine  dinitrate  is  an  explosive,  with  a  flash  point  of  190®,  Trauzl  block 
expansion  of  190  cc,  and  a  sensitivity  to  mechanical  effects  somewhat  higher  than  that 
of  trotyl. 

The  formation  of  urotropine  dinitrate  apparently  occurs  at  all  concentrations  of 
nitric  acid,  and  Inatantauieously,  but  in  concentrated  nitric  acid  it  remains  in 
solution,  where  it  reacts  with  nitric  acid,  while  in  weak  acid  it  crystallizes  out  of 
solution  and  leaves  the  zone  of  reaction. 
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Reaction  of  hexamethylenetetramine  dinitrate  and  strong  nitric  acid  at  low 


I  temperatures  (-50  to  -6cP)  results  in  the  formation  of  l,3-dinitro-l,3, 5-triaza-n-pentane 
nitrate 

NOjNHCHjN  (NOj)  CHj  -  NHj.  HNO, 

and  of  methylenedl-l(3,5-dinitro-l,3,5-triaza-cyclohexane)  (Bill. 52,' 

CH,  CHj 

•  \  \ 

0,N-;-:  N-CH,-N  N-NOj 

Ct'u  CHj  HjC  CHj 

N  N 

I  I 

NOj  NOj 

The  solubility  of  tne  dinitrate  in  nitric  acid  depends  upon  the  temperature  and 
the  concentration  of  the  acid.  In  20%  HNO3,  its  solubility  is  minimal,  but  at  lower 
25'i  and  higher  concentrations  of  nitric  acid,  it  increases.  When  the  concentration  of 
HNO^  is  lass  than  105'  and  greater  than  30?',  the  solubility  of  the  dinitrate  rises 
sharply. 

In  air,  u-rotropine  dlnitrate  decomposes  slowly,  and  the  nitric  acid  disintegrates. 
The  XU  dinitrate  is  hygroscopic.  Its  crystals  contain  about  2'''”'  water.  In  the  drying 
of  moist  crystals,  the  nitric  acid  volatilizes  along  with  the  water  of  crystallization. 
De^sicfatlon  (dehydration)  of  the  crj'stals  is  performed  in  practice  by  washing  them  with 
alcohol. 

A  higher  yield  of  hexogen  is  attainable  from  urotroplne  dinitrate  than  from 
urotropine.  Moreover,  the  concentration  of  the  nitric  acid,  the  module,  and  the  nitrogen 
U  oxldee  content  cf  the  HNO3  hae  lees  of  an  effect  upon  the  hexogen  yield. 

When  urotropine  is  nitroll^  to  hexogen  by  concentrated  nitric  aoid>  88  kcal/mole 
of  heat  is  emitted,  but  nitrolyeis  by  the  dinitrate  is  accoe^anied  by  the  emission  of 

i4au 


254  only  41.7  kcal/mola  (Blbl.53) 


Figure  70  illuetrates  the  heat  of  reaction  of  XXUOjEiX  nitrolysis  of  urotropine 
and  urotropine  dinitrate  vdth  allowance  for  the  heat  of  the  side  processes  and  of 
hydration  when  nitric  acid  of  various  concentrations  is  employed  for  nitrolysis 


(Bibl.54). 


Fig. 70  -  Effect  of  Concentration  of 
Nitric  Acid  upon  Heat  of  Nitrolysis 
of  Urotropine  and  Urotropine  Dinitrate 
(DNU)  (with  Allowance  for  Heat  of  Side 
Processes  and  Hydration). 

1  -  Urotropine  nitrolysis  at  20°; 

2  -  Same  at  -35.5°>  3  -  Urotropine 
dinitrate  nitrolysis  at  -35.5° 

An  important  advantage  enjoyed  by 


Fig. 71  -  Effect  of  Strength  of  Nitric 
Acid  upon  Rate  of  Hexogen  Formation 
a)  Hexogen  yield 


-  as 

urotropine  dinitrate  SMS  intermediate  productlr 


for  the  production  of  hexogen  is  the  fact  that  XXM  it  may  be  obtained  not  only  from 
urotropine,  but  also  from  formalin  and  ammonia,  bypassing  the  stage  involving  separation 
of  urotropine  from  solution,  and  drying  thereof.  A  method  has  also  been  suggested  for 
producing  hexogen  via  urotropine  dinitrate,  in  triiich  the  initial  products  are  formalin, 
amnonia,  and  nitric  acid.  However,  it  has  not  gained  application  because  of  the 


solubility  of  urotropine  dinitrate  in  water,  and  the  inadequate  stability. 


Nitric  acid,  ir.  60  -  80?  concentration,  dacomposes  urotropine,  and  more 
concentrated  acid  converts  it  to  hexogen.  With  increase  in  the  HNO3  concentration, 
the  yield  of  hexogen  increases  (Fig. 71)  (Bibl.55).  Frcm  this  it  follows  that  hexogen 
production  requires  the  employment  of  nitric  acid  of  not  less  than  93?  concentration. 

None  of  the  velocity  curves  in  Fig. 71  reveal  any  period  of  induction.  This 
demonstrates  that  the  process  rate  is  characterized  by  the  speed* of  the  nitrolysis 
reaction,  and  not  by  that  of  other  processes. 

The  hexogen  yield  is  significantly  affected  by  nitrogen  oxides,  which  give  rise 
to  oxidation  of  HilHt  urotropine.  if  tV’p  nitpio  acid  contains  about  nitrogen  oxides, 
the  urotropine  will  burn  out  completely,  and  hexogen  will  not  form  at  all.  Therefore, 
nitric  acid  containing  not  more  than  0.5?  nitrogen  oxides  is  employed  for  nitrolysis. 

The  optimian  temperature  of  urotropine  nitrolysis  by  nitric  acid  is  10  -  20°,  and 
an  increase  therein  makes  for  oxidizing  processes  and  leads  to  a  WHiSKM  reduction  in 
the  hexogen  yield.  The  maximum  yield  when  this  reaction  occurs  is  about  80?,  in  terms 
of  urotropine. 

A  yield  of  83?  has  been  obtained  by  conducting  the  process  very  carefully  and 
following  the  rate  of  iUS  urotropine  addition  (to  eliminate  local  decomposition). 

The  process  was  run  vrith  21  moles  99.5  -  99.9?  HNO3  per  1  mole  of  urotropine  at 
20  -  25®,  for  more  than  30  min.  Upon  con^cletion  of  the  mixing  of  the  components,  the 
reaction  mixture  was  decanted  into  water  (Bibl.49). 

It  has  been  MUOCatX  established  (Bibl.56)  that  the  rate  of  nitrolysis  of  mXk 
hexamethylenetetramine  by  nitric  acid  increases  vrith  increase  in  the  modulus. 

Figure  72  illustrates  the  e£fsot  of  the  ratio  on  the  hexogen  yield  (Blbl.56). 

At  all  concentrations  of  nitric  acid,  up  to  88?,  maximun  yields  of  hexogen  (about  80?) 


ware  attained  on  the  condition  that  an  adequate  molar  ratio  ^^3  vras  adhered  to. 

C6H12N4 

The  minimum  molar  ratio  for  maximum  yield  rises  approximately  frcan  26:1  with  97^  acid 
HBX  to  110:1  with  es%  acid. 

If  the  molar  ratio - —  is  select  x’  accordingly,  one  may  obtain  identical 

C6H12N4 

nltrolyais  rate  with  nitric  acids  of  various  concentrations,  as  is  evident  from  Fig. 73, 
which  shows  the  rate  of  hexogen  formation  at  0®  and  various  concentrations  of  nitric 


acid. 


Effect 

Fig. 72  -  HUeiiUU  of  , 


HNO 


1_  Ratio 


upon  Hexogen  Yield 
a)  Hexogen  yield;  b)  Molar  ratio 


HNO 


Fig. 73  -  Effect  cf  — jj-Sl,,,  Ratio 

'^6HiA 

upon  Hexogen  Formation  Speed 


'3  a)  Hexogen  yield 


HFlOq 

At  veo'  large  ratios  — —  — 2.  ,  the  yield  of  hexogen  is  diroctly  proportional 

to  the  amount  of  urotropine  employed,  aixi  is  not  dependent  upon  the  strength  of  the 
nitric  acid  (more  than  88^  HNO^).  Figure  7U  illustrates  this  ratio,  and  it  is  assumed 
that  one  mole  of  hexogen  is  formed  from  three  moles  of  HNO^. 


In  practice,  high  molar  r.»t.io«»»}tmyTTH»»MiiKYtKaYKa»*YKTY¥»»xgay 


HNO3 
6  12  4 


rapidly  Increase  the  cost  of  hexogen,  arxl  therefore  tvm  urotropine  nitrolysis  is 
performed  at  a  molar  ratio  of  22  -  2i^,  corresponding  to  11  -  12,  parts  98^  nitric  add 
by  weight  per  1  part  urotropine.  This  amount  of  nitric  acid  does  not  result  in 
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However,  the  email  yield  of  hexogen  and  the  large  consumption  of  nitric 


to 

field  testify/tho  fact  that  this  reaction  is  considerably  more  complex  and  is 

t 

accompanied  by  side  processes. 

Hale  cind  others  (Hlbl.58)  hold  that  ths  hydrolysis  of  urotropine  is  such 
a  process.  An  Investigation  of  the  side  products  formed  on  the  synthesis  of 
hexogen  has  demonstrated  the  presence  of  a  certain  amount  of  methylene  dinitrate 
amtnewt  CH2(0N02)2  fl^nd  trlmethanolamine  nitrate  N(CH20N02)2  in  the  concentrated 
spent  acid.  On  the  basis  lUUilitX  thereof  it  is  assumed  that  urotropine  nitrolysis 
proceeds  in  accordance  with  the  following  mechanijms: 

CH,. 

N  N 

CIl,  CHj 

+10HNOj  -• 

i  I 

i  Cl  I, 

CHj  I  CH, 

'  ,  j  .  ' 

N 

Cllj 

0,N-N  N-NO, 

i 

Cllj  CII,  -|-3CHj(ONO.)2  +  NH,NOj  +  3HjO; 

\  /  ■ 

N 

NO. 

CII2 

N  N 

!\  ."i 

!  CIU  CHj  [ 

+  6IIN03 

i 

Cllj 


CII, 


N 

1 

Cllj 
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CH, 

/  \ 

0,N-N  N-NO, 

CH,  CH,  +N(CH,0N0,),+3H,0; 


CH,^  CH, 


I  CH, 

CH,  I  CH, 


+  8HNO3  -  2N(CH,ONO,)3  +  2NH4N03. 


\i 

N 


The  intermediate  products  are  comparatively  stable  in  concentrated  spent 
acid,  hut  when  a]]owed  to  settle  or,  particularly,  upon  ailitfii  dilution  with 


water,  they  undergo  saponification; 


CH,(0N0,)2  +  H,0  CH,0+-2HN03: 

N(CH,0N0,)3  +  3H,0  —  3CH,0  +  2HN03+NH,N03, 


Fonnaldehy'de  is  detected  in  dilute  acid  by  its  odor  and  may  readily  be  driven 


off  the  neutralized  solution  with  heating. 


The  most  recent  investigations  do  not  confirm  the  mechanisms  presented 
above.  It  was  found  that  the  side  products  XX  differ  in  that  lOSUi  composition,  and 


the  process  itself  goes  stepwise. 


Vroom  and  Winkler  {Bibl,56),  performing  the  nltrolysis  of  urotropine  with 


97%  nitric  acid  at  -40°,  obtained  a  substance  with  a  melting  point  of  98  -  99°, 
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upon  9k% 

vrhlch  convcrtad  to  haxogen  ](X  subsequent  treatment  with/nitric  acid.  Analysis 
showed  that  the  substance  is  3,5-dinitro-l,3,5-triazac,yclohex#ne-l-nitrate  (I): 


Cli., 

0,N-n"  NH2®NOa® 


CH,  Cll, 
N 

NO, 


Conversion  thereof  into  hexogen  also  was  performed  by  treatment  of  suspension 
in  nltromethane  with  boron  fluoride  or  by  treatment  with  P2®5  solution  in 
88^  HNO3. 

3, 5-Dinitro-l,3»5-trlazeeyclohexftne- 1-nitrate  approximately  equals  hexogen  XM  as 

explosive  properties,  and  its  shock  sensitivity  is  somewhat  higher  than  for  hexogen. 

The  authors  hold  that  3.5-dinitro-l-,3-5-triazacyolohex(ipe-l-nitrate  is  an 

by 

intermediate  in  the  nitrolysis  of  utropine/nitric  acid,  and  that  the  final  conversion 

speed, 

thereof  into  hexogen  Si  characterizes  the  overall  process  This  conversion  is 


inhibited  by  the  side  products  of  r^'ction  and  may  lead  to  complete  decomposition  of 

the  intermediate  product,  resulting  a  low  hexogen  jiU 'yield.  The  urotropine 

I 

nitrolysis  reaction  mechanism!  is,  according  to  these  in'vestigations,  the  following: 
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CH, 

\,/  \  • 

NO, 

/  \  I 

N  N  N 


CHjOH 

N 


\ 

CH,  CH, 

CH,  CH, 

\/ 

HONOe 

\/ 

N 

N 

CH, 

j 

CHj 

HONOj 


CH, 


\ 


\ 


CHj  CH2 

/  \ 

/ 


N 


\ 


CHj 

OjN-N  N - CHj-N<^ 


N 

CHjOH 


CH, 


CHjOH  +HoNO^ 


-N(CH.0H)3 


CHj  CH, 
N 

I 

NO, 


CH,  CH, 

/"  \  /  \ 

0,N-N  NH^-HNOs®  0,N-N  N-NO, 


I  i 

CH,  CH, 

\ 

N 

I 

NO, 


-H,0 


CH,  CH, 
N 

NO, 


Berman  and  others  (Bibl.59)  do  not  believe  the  intermediate  product  in 
hexogen  process  to  be  3,5-dinitro-l,  3, 5triaz»chloroheaipe- 1-nitrate.  According 

to  their  data,  formation  thereof  occurs  iOilZMX  when  the  reaction  mixture  is  diluted 

.  l-dimethylolaminomethyl-1,3, 
as  a  consequence  of  the  decomposition  of 

5-dinitro-l,  HyptOIMMinCHHM  3>5-triazacyclohexa(ie,  the  formula  of  which  is 


CH. 

-  ■  /  \  Cl  1  , 01 1 

0,N-N  N-CHj-N. 

I  I  ^'CILOII 

CHj  CHj 
• 

N 

I 

NOj 


The  composition  of  the  latter  in  concentrated  acid  results  in  cleavage 

dimethylol  nitroamide, 

of  the  dimethyl.unine  group  with  conversion  thereof  into 

l-methylol-3 , 5-dijiitro-l  ,3, 5-triazaoyclohex«he . 
and  the  hexagonal  ring  yields  IXMMiayitljatfamiCHSXiy^SjtXyUXWeyitlltKWMMa 

This  last  compound  converts  to  hexogen,  but  may  also  yield  3,5-dinitro-l,3,5- 

t  r iazacyc lohex^ne- 1-nit  rate . 

The  process  diagram  looks  like  a  series  of  nitration  reactions  of  the 
ternary  amine 


(Mj 

X  \ 

OjNHN  N-HNO, 

r'-CH.  CHi'l 


CH,  CH,  CH, 


HHO, 


/CH\ 


.  .  ^  7\ 

0,N  — N  tl— NO,  0,N-N  N-dO,  0,N-N  N-HO, 

I  I  *  '  I  I  ^  '  I  I 

CA  CH,  - -  CH,  CH,  CH.  CH, 

'h'  'hH-HNOj 


o,n-h  n— ho, 

’ll 

— »  CH,  CH, 

y  HOCH,— H-CH,OH 

CH,  CHjOH  NO, 

HOCK,— N— CH,OH 

I  mItuH  cn,0  V  NHj  Plus  dilute  HHO, 


I 


IM  l-Dimethylolamincaiethyl~3,5-dinitro-l,  3,5-triazacyclohex*ne  yields 
an  insignificant  amount,  upon  decomposition,  of  the  linear  compound  l,9-dihydroxy-2. 


4,6, 8-tetranitro-2,4 , 6, 8-tetrazanonan#  ( di hydroxypentamethylenetotranitroamine ) : 
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f  .. 

H  OCH,  -  N-  CH,-N-CHj-N-CHj-N-CHjOH 
1111 
NO2  NO,  NO,  NO, 

or,  to  be  more  exact.  Its  nitrate  ester. 

Chute  and  associates  (Bibl.t>5)  have  shown  that  when  urotropine  reacts  with’ 

concentrated  nitric  acid,  the  consequence  is  not  only  hexogen  but  glKIKWi 

dinitropentameth.ylenetetrainlne  (melting  point  198°).  Product  yield  rises  with 

reduction  in  reaction  time  and  increase  in  excess  of  HNO^.  The  yields  of 

are 

dinitropentamethylenetetramine  and  hexogen/apparently  mutually  related.  The 
authors  assume  that  this  is  due  to  a  single  comaioa  initial  compound  which  may 
possibly  be  utropine  dinitrate,  the  primar;.'  fonm^tion  of  which  in  the  reaction^ 
whereby  urotropine  is  nitrolysed  to  hexogen^  has  been  demonstrated  on  the 

basis  of  comparison  of  the  heats  of  nitrolysis  of  tioth  products  (Bibl.53, 54) . 

According  tc.Cerrione  (Bib].46),  the  formation  of  dinitropentamethylenetetramine 
is  the  first  slle  reaction  in  the  nitrolysis  of  urotropine  by  concentrated  nitric 


acid; 


/ 


CH, 


/  "X 

N  N 

CH,  CH,  I 


/ 


CH,  -  N 


\  '  /CH, 

i  +2HNO,  -  N-CH,-N<  +CH,0+H,0. 


CH 


N 

I 

CH, 


CH,-N< 


/NO, 

CH, 

CH, 


\ 


\ 


\ 


CH, 


NO, 


/ 


N 


/ 
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In  a  nitric  acid  aolution,  dlnltropentafflathylenatatramln*  behavaa  as  a 


dl-acid  base  and  is  converted,  to  begin  vd.th,  to  the  primary  nitroasiine: 


NO, 

-  ^CHj  NH  NO, 

N-CH,-N<  %2H,0;?;  N-CH2'NHa-f-2CHA 

'^CH.NHNOa 

'"NO, 


which  then  converts  to  dinitrotriaminotrimethylamine.  Under  given  conditions 
of  nitrolysis,  this  latter  converts  partially  into  trinitrotriaminotrimethylamine: 


.CHjNHNO,  ^.CH.-NHNO, 

N-CHa-NHj  +HNO3  -  N-CHj- NH  NO2  + HjO. 


CH.NHNOj 


"CH2-NHNO2 


This  substance  is  relatively  stable  in  the  cold,  but  at  60°  it  decomposes  to 


^ield  formaldehj'de  and  ammonia. 


iiniiil  tan  ecus  with  the  formation  of  dinitropentamothylenetetrairine  and 


its  conversion  products,  urotropine  nitrolysis  is  accompanied  by  the  ‘‘f  on 
of  trinitrodiaminodimethylamine  (TDA)  in  accordance  with  the  follow!  reaction: 


3CeH,5N,  +  12HN03  —  40,NN 


^CHjNHNO, 


CHjNHNO. 


+  2H..0  +  l(iCH,0- 


As  distinct  from  the  preceding  one,  this  product  does  not  dissolve  in  water. 

Therefore,  when  hexogen  is  separated  from  the  nitro  mass  by  dilution  with  water, 

unstablllzed 

trinitrodiaminodimethylamine  is  also  liberated.  This  is  an  Impurity  in  SXXXXXZX 


hexogen.  In  some  cases,  this  substance  constitutes  10^  of  the  whole. 
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Trlnltrodlaminodlmethylamlne  slowly  goes  into  solution  at  low  temperature 


or  mor«  than  500,  and  If  the  concentration  of  nitric  acid  is  lees  than  9fXi  S5%> 

BXXDUk'S  Trinitrodiaminodimethylamine  forms  primarily  at  a  modulus  of  8  -  20, 

a  nitric  acid  concentration  of  more  than  97%,  and  a  temperature  in  XXXi  excess  of 

10°,  vfith  a  maximum  yield  of  about  10%.  The  product  is  not  obtained  at  a  modulus 

of  less  than  k  or  more  than  500  and  a  concentration  of  acid  less  than  95’%- 

Dinltropentamethylaminetetramine  is  formed  in  mere  dilute  acids. 

Maximum  yield  is  achieved  lUl  with  85%  acid  and  a  modulus  of  less  than  10  (at  a 

modulus  of  3.5,  the  yield  is  65%),  The  yield  rises  with  reduction  KX  in  the 

temperature  of  nitrolysis.  Methylene  nitroamine  does  not  form  if  the  concentration 

of  nitric  acid  is  less  than  95%  or  if  the  modulus  is  less  than  IC.  With  rise  in 

is 

modulus  to  300,  more  methylene  KIX  nitroamine  is  'formed  than  IK  hexogen,  and  at 

yield 

a  modulus  of  70C  -  800,  the  fXSSl  thereof  attains  "^0%  in  terms  of  methylene  groups. 
With  rise  in  temperature,  the  product  yield  increases. 

Thus,  the  yield  of  trinitrodiaminodimethylamine  is  determined,  in  practice, 
by  the  same  parameters  as  the  JIKI  yield  of  hexogen.  However,  the  maximum  yield 
of  this  product  is  not  great  (10%).  The  conditions  serving  as  an  obstacle  to 
the  formation  of  dinitropentamethylenote.,ramino  and  increasing  the  yield  of 
hexogen  (concentrated  acid  at  high  modulus)  are  most  favorable  to  the  formation  of 
methiylene  nitroamine,  and  KMflnHttUftii  vice  versa.  The  maximum  yield  of  hexogen 
is  obtained  under  conditions  in  which  the  curves  of  evolution  of  yield  of 
dinitropentamethylenetetramine  and  increase  in  yield  of  methylene  nitroastine 
intersect.  Simultaneous  formation  of  dinitropentamethylenetstramine,  methylene 
nitroamine,  and  hexogen.  Is  a  sliqile  and  convincing  explanation  of  the  tew  yield 
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of  the  lattert  occurring  upon  nitrolyeie  of  urotroplne  by  XXX  nitric  acid. 


When  weak  nitric  acid  acts  upon  urotropine,  the  consequence  is  either 
hydinslysie  '('under  the  effects  of  80  -  90;^  acid)  or  formation  of'  a  salt"  (acid 
concentration  less  than  80^).  In  the  former  instance,  methylenediamine, 
"triaminotrimethylamine,  and  diaminodimethylamine  are  formed  (the  maximiar.  yield 
of  these  compounds  aeliiwyes  8CS2)  and  in  the  second  case  it  is  iu“otropine  dinitrate 
that  is  formed.  At  very  low  concentrations  of  HNO^  (less  than  15^),  the  yield 
of  dinitrate  diminishes  as  a  consequence  of  its  solubility  in  water. 

Hexogen  formed  upon  nitrolysis  of  urotropine  vd.ll  be  almost  entirely 
dissolved  in  the  spent  acid.  To  separate  it  out,  the  solution  iiM  obtained  has 
263  to  be  diluted  to  an  HNO^  concentration  of  not  more  than  60^,  at  which  the 

so.lubility  of  hexogen  is  quite  negligible.  Dilution  with  vrater  may  be  performed 
in  two  vraya:  either  by  pouring  the  solution  obtained  into  the  necessary  amount 
of  vfater  or  by  adding  water  to  the  hexogen  solution. 

When  the  first  method  is  employed,  hexogen  is  iOHHflWXliiant  separated  out  in 

further 

the  form  of  ver^r  fine  crystals.  This  greatly  complicates  XXIU  vrork  therevri.th 
(it  is  difficult  to  filter  it,  and ^filters  clog).  However,  when  the  second  method 
is  used,  the  spent  acid  is  diluted  vrith  the  water  gradually,  and  hexogen  formation 
iX  takes  place  less  rapidly,  )PC  making  for  the  formation  of  larger  crystals  thereof. 

This  method  is  complicates  somewhat  by  the  circumstance  that  the  spent  XI  acid 
lUUU  contains,  not  only  hexogen,  but  side  products  of  the  synthesis  v^ich  decompose 
when  diluted  vdth  water,  as  indicated  above,  to  formaldehyde.  Fonnaldehyde  Is 
vigorously  oxidized  by  nitric  acid  at  concentrations  of  60  -  65$  or  more,  and  the 
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hMt  of  reaction  thus  llbsratsd  Is  capable  of  heating  the  XXX£Bi  nitro  mass 
(inducing  the  composition  of  the  hexogen).  Therefore,  the  dilution  must  be 

s 

« 

accompanied  by  careful  adherence  to  the  appropriate  conditions  of  temperatuiy. 

i 

In  practice,  this  process  is  carried  out  in  continuous  apparatus  (Bibl.ZfS,  bo), 

and  as  a  consequence  the  hexogen  solution  is  poured,  simultaneous  with  the  water 

diluting  it,  into  an  apparatus  filled  with  dilute  acid.  The  50  -  60^  spent  acid 

obtained  as  the  result  of  dilution  is  not  stable,  as  it  contains  formaldehj’de, 

which  oxidizes  reeidily  XXX  luider  these  conditions.  In  order  to  increase  the 

stability  of  the  spent  acid,  it  is  heated  to  60  -  65°,  at  which  temperature 

formaldeh’^de  is  completely  oxidized  to  CO2.  In  industry,  stabilization  of  the 

spent  acid  by  heating  is  performed  simultaneous  with  dilution  with  water  (Bibl.6l). 

Willson  (IiiM.62)  has  ^iXXXXii  patented  a  method  of  producing  large  hexogen 

crystals  wh.ich  flow  well.  The  method  consists  of  adding  to  the  nitration  mixture 

(produced  by  introducing  urotroplne  into  concentrated  nitric  acid)  with  agitation 

and  at  a  temperature  of  65  -  70®,  weak  (50  -  70^)  nitric  acid  containing  a  little 

sodium  nitrile.  When  the  temperature,  regulated  by  XXXXMXZX  external  cooling, 

rises,  the  side  products  begin  to  decompose.  The  gaseous  products  of  the 
containing 

composition,  XXK&XZX  a  large  quantity  of  nitrogen  oxides,  are  removed  through  the 

system  of  ventilation  eir>d  trapped  in  absorption  equipment. 

Destruction  of  the  side  product  of  the  reaction,  formaldehyde,  by  XXSXIX 

oxidation  thereof  with  nitric  acid  is  one  of  the  weakest  sides  of  this  method. 

In  actuality,  the  yield  of  hexogen  from  urotroplne,  confuted  on  the  formaldehyde 

(from  which  urotroplne  is  produced)  is  only  35  -  40^.  The  rest  is  oxidized,  and 

unproductive 

this  is  the  cause  of  a  large  jQQQBillQQQB  consunqction  of  nitric  acid. 
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This  shortcoming  Is  eliminated  to  seme  degree  by  the  two-stage  method 

formaldehyde 

of  producing  hexogen  from  urotropine  or  from  UtMiMWiigaDi  (Bibl.63)«  In  the  ■ 

c 

first  stage,  urotropine  is  obtained  by  saturation  of  formalin  (30%  formaldehyde 

solution)  with  gaseous  ammonia: 

6CH.O  +  4NH3  QHisN^  +  eHjO. 

Under  these  conddtions,  urotropine  is  produced  in  the  form  of  a  20  -  25% 
solution.  When  weak  nitric  acid  is  added  to  the  urotropine  solution,  the  acid 
comes  down  out  of  solution,  almost  quantitatively,  in  the  form  of  urotropine 
dlnltrate: 

QH.iN,  +  2HN03  -  QHisN^  ^HNOs. 

Thus,  the  evaporation  operation  is  replaced  by  the  operation  of  precipitation, 
vdiich  is  cheaper  and  more  productive.  II  It  proved  possible,  on  the  same  principle, 
to  recover  the  formaldehyde  from  the  spent  acid.  After  washing  and  drying,  the 
pressed  crystals  of  urotropine  dinitrate  convert  into  hexogen  for  which  only  five 
parts  concentrated  nitric  acid  are  employed,  by  weight. 

The  hexogen  yield  from  the  dinitrate  is  approximately  %  larger  than  from 
urotropine.  Moreover,  the  hexogen  yield  may  be  increased  at  the  expense  of  the 
formaldehyde  in  the  dilute  spent  acid.  With  this  purpose,  the  spent  acid  is  diluted 
at  low  temperature  (15  -  20®),  and  then  the  acid  ia  neutralized  by  ammonia  to 
protect  the  formaldehyde  frcai  oxidation.  The  result  is  the  formation  of  urotropine 
and  amnonium  nitrate: 

6CH1O+4NH,  C,HiiN,  +  6H.O! 

HN0,  +  NH,  -  NH4NO,. 
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Th«  urotroplne  is  prsclpitatsd  as  urotropins  dinltrate  by  w«ak  nitric 

S 

acid.  The  filtered  spent  acid  is  a  50^  solution  of  ammonium  nitrate  and  goes 
to  evaporation. 

In  Germany,  during  World  War  II,  various  other  methods  (Blbl.47)  were 

employed  in  addition  to  the  mjor  method  of  nitrolysis. 

When  hexogen  vra.s  produced  by  the  "W"  method  (suggested  in  1934  by  Wolfram), 

the  raw  material  Is  formaldehyde  which  is  converted,  by  a  series  of  successive 
Into 

reactions,  XiUQiXXX  potassium  cyclotrimethyienetriimino  sulfate,  termed 

'•white  salt",  and  is  then  nitrated  IIJSX  to  hexogen.  The  following  reactions 

occur  herein: 

Sulfaminic  ' 

1)  axirnfTX  acids  is  formed  by  the  action  of  ammonia  on  sulfxir  anhydride; 

SO,  +  NHs-  HSOjNHs; 

sulfamijiic 

2)  Reaction  of  acid  with  potassium  carbonate  results  in  the 

formation  IX  of  potassium  sulfaminate: 

2HS0jNH2+K8C03  KSO,NH2  +  HjO  +  COi: 

3)  Further,  condensation'  of  the  potassium  sulfaminate  Hi  with  formaldehyde 
occurs  to  form  •’white  salt"; 


3KSOjNHj  +  3CHaO 


CHa 

/  \ 

KO3S-N  N  —  SOjK 

+3H2O; 

N 


S03K 


4)  The  action  of  concentrated  mixed  acid  upon  "i^ite  salt"  results  in 


502 


hexogen: 


265 


KSO,-N 


CHj 

/ 


N-SOaK 


CH*  CHj  +3HNO, 

\  / 

N 

I 

SOaK 


CHj 

/  \ 

OjN-N  N-NOj 

1  1 

CHj  CHj  +3KHSO,. 

\  / 

N 

! 

NOj 


The  hexogen  yield  is  approximately  80^,  in  terms  of  the  formaldehyde 


consumed. 


S|»- ^he  "li"  method  (its  inventor  was  Elbe)  is  based  on  condensation  of 
paraformaldehj'de  with  ammoniiir nitrate  to  hexogen: 


CHj 

/  \ 

OaN-N  N-NOj 

I  I 

{CHjO)j+3NH,NOj  -  CHj  CHj  +6HjO. 

/ 

N 

1 

NCj 


The  reaction  is  performed  in  an  acetic  anhydride  medium,  in  which  pulverized 
paraformaldehyde  and  dry  ammonium  nitrate  are  introduced,  with  energetic  agitation. 


The  acetic  anhj'dride  takes  up  water,  converting  it  to  acetic  acid. 

if 

The  reaction  goes  better  iOSX  boron  fluoride  is  employed.  This  is 
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GcJ  Cf  V3  o  • 

simultaneously  a  dehydrator  and  RXMiitiir.  The  acetic  anhydride  is  first 
saturated  with  boron  fluoride,  to  form  the  compound  (CH2C0)20RF^  (Ribl,f4). 

However,  this  method  results  in  hexogen  having  a  low  melting  point,  because 

e 

it  contains  a  large  quantity  (up  to  20%)  of  impurities, 

dinitrate 

Hexamethylenetetramine  Mmimtii  (Fdbl,b5)  has  been  isolated 
from  the  reaction  products  of  p/iraformaldehyde  anul  ammonium  nitrate  in  glacia] 
acetic  acid.  The  authors  hold  this  to  fce  an  intermediate  product  in  t.be  ISiMJiXIliK 
‘'crmation  of  hexogen  under  these  conditions. 

a 

The  "K”  method  (due  to  Knoffier)  consists  of  treating  KXii  mixture  of  urotropine 
and  ammonium  nitrate  with  concentrated  sulfuric  acid.  Formation  of  the  hexogen 
apparently  proceeds  in  accordance  with  two  reactions: 

1)  CeHijN^+WNOa  -  C3H,(NNO;),  +  3CH20+NHaNOa: 

2)  3CH20  +  3NH«N03  -  C5H6(NN0s)3+6H20. 

or,  in  sum: 

C,HtjN,+4HN0j  +  2NH4N03  -  2C3H3(NN02)3  +  6H20. 

The  yield  of  hexogen  with  respect  to  formaldehyde  is  (-,0%.  A  shortcoming 
of  this  method  is  the  large  consumption  of  nitric  acid  and  ammonium  nitrate  that 
has  to  be  metered  in,  Tnis  is  because  ammonim  nitrate  is  not  very  good  as  a 
condensation  medium. 

When  acetic  anhydride  is  employed  as  the  dehydrator,  the  conditions  for 
condensation  of  formaldehyde  and  aattonium  nitrate  improve.  Simultaneously,  more 
congjlete  conversion  of  HNO^  to  N02^,  which  is  an  active  nitrating  agent  (Bibl.66)j 

e 

takes  place.  This  method  is  called  the  "KA"  method,  as  distinct  from  the  preceding 


5C4 


266  one.  There  are  two  vereiona  of  this  method. 

4» 

In  accordance  with  the  first  version,  anmonlum  nitrate  Is  suspended  in 
acetic  anhydride,  and  nitric  acid  and  uretropine  are  added  simultaneously  to  the 
suspension.  An  increase  in  yield  is  achieved  by  employing  the  dinitrate  of 
urotropine  for  nitration,  instead  of  urotropine  Itself. 

The  reaction  goes  in  accordance  with  equation 

INO,  +  2N 1 1.NOj +21 INO3  +6  (CHjCOsO  - 
->2CsHfi(NN6,)3+  12C1 13COOH+  118  iCc*i/  n.lt. 

As  a  consequence  of  the  UiMJ^X  insignificant  solubility  cf  hexogen  in 
acetic  acid  at  20°,  the  reaction  mass  is  not  diluted  with  water. 

During  World  War  II,  hexogen  was  produced  in  the  United  States,  Osnada, 
and  linglancJ,  by  ''achman-Rcss  methods,  analogous  to  the  German  "KA”  method, 
Nitrolysis  of  urotropine  by  nitric  acid  was  performed  In  the  presence  of  ammonium 
nitrate,  acetic  acid,  and  acetic  anhydride.  The  technological  procedure  employed 
in  the  Fachman  process  differs  somewhat  from  the  "KA”  method  (Bibl,67,  68,  69,  I'O] 
According  to  Ross  (Pibl.TC)  the  formation  of  hexogen  from  urotropine  occurs  as 
follows: 

QM.jN,  f4HN03  +  2NH3NO,  +  6(CH3CO)3  0  -  • 

-  2C,H6  (NN0,)3  +  I2CH3COOH; 

in  which  140  kcal/mole  of  heat  is  liberated  (the  energy  of  activation,  is  12  kcal). 

The  reaction  £EX  occurs  in  a  number  of  stages  and  is  accompanied  by  the 
formation  of  side  products  irtiich  are  capable,  JU  under  given  circumstances,  of 
i-ecoming  the  major  products.  The  intermediate  reaction  product  is  apparently 
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urotropine  mononitrate  (Bibl.53,  71) 


Urotroplne  goea  into  reaction  almost  instantaneously  (within  5  aeo  at  35°) 
one  molecule  of  hexogen  being  formed  as  a  result.  Addition  of  NH/^NO^  results 
in  the  formation  of  a  second  molecule  of  hexogen  (Bibl,72,73) •  This  shows 
that  the  second  molecule  of  hexogen  is  formed  from  the  cleavage  products  of 
urotropine  and  anmionium  nitrate. 

Hexogen  produced  by  the  Cachman-Ross  method  contains  up  to  10^  oxygen 
(tetranitrotetrazacyclooctane)  (Bibl.74). 

With  the  object  of  studying  the  mechanism  of  the  reactions  occurring, 

labeled  um 

ammonium  nitrate  containing  nitrogen  atom  (N"'-?)  in  the  ajnmoni*  group 

was  employed.  It  was  found  that  hexamethylenetetramine  is  subjected 

to  tv/o  major  types  of  decomposition,  resulting  in  the  formation  of  compounds 

containing  t'-ree  atoms  of  amine  nitrogen  (hexogen)  and  a  compound 

(oxygen). 

containing  four  atoms  of  .amine  nitrogen  If  the  medium  is  highly  acid, 

and  the  nitrating  agent  is  highly  active,  the  consequence  is  cleavage  of  the 
former  tjqse,  resulting  in  the  formation  of  hexogen.  If  acidity  is  low,  and 
activity  of  the  nitrating  agent  is  also,  cleavage  of  the  second  type  resulting 
in  the  production  of  oxygen  occurs. 

to 

Thus,  the  hexogen-producing  reaction  is  intimately  related  MOK  the 
oxygen-producing  reaction, 

Epstein  and  Winkler  (Bibl.75)  determined  the  relationship  of  the  hexogen  and 
oxygen  yield  to  the  amount  of  NH^NOj  (Fig. 76)  introduced  into  the  reaction.  These 
authors  hold  that  urotropine  converts  at  least  to  two  intermediate  compounds,  one 


506 


of  those  capable  of  serving  aa  a  source  of  hexogen  and  oxygen,  while  the 


other  wlU.  yieldThoxogon  only.  Thus,  if  the  NH^NO-,  is  added  later,  the  hexogen 
yield  is  not  more  than  30^,  vrtiilo  postponement  of  the  introduction  of  NH^NO^  is 
not  reflected  in  the  oxygen  yield. 

The  optlmimi  yield  of  hexogen  (70^  '“^2C2H^(NN02)2)  occurs  at  a 

molar  ratio  of  C/'jH22N/^  :  HNO^  :  (CH^C0)20  1:5.2  :  20  and  2.7  moles  NH/^NO^.  Further 

increase  in  the  amount  of  NH^NO^  has  no  practical  effect  upon  tlie  hexogsn  yiei.d. 

The  optimum  yield  (25^  ^4^12^^4  =•!•  %^g(NN02)^)  at  the  same  ratios  of  C^H2^2^/v’ 

HNOj  and  (CH2CO)20  occurs  in  the  presence  of  X#  2,3  moles  NH^NC^. 

The  amount  of  nitric  ac'd  has  a  significant  influence  upon  the  yield  of 

!^excgen  and  oX'^gen.  At  a  C,,'!-. 2^4! (CH2C0)20:Nh^,'I02  =  1  :  20  :  3  ratio,  the  optiminn 

•'ield  of  hoth  products  is  obtained  in  the  presence  of  6  moles  HKO^  (Fig. 77). 

Simultaneous  increase  in  the  amount  of  NH^NO^  shifts  the  opt^nlum  yield  of  hexogen 

and  oxr.gen  toward  higher  values  (see  Fig.'^A). 

With  increase  in  the  amount  of  (CH2C0)20,  the  yield  of  hexogen  rises,  and 

with  the  ratio  •  f*^®3  •  NH4NO3  =  1  :  5.2  :  3  achieves  a  maximum  at 

Further 

15-20  moles  of  (CH^C0)20.  increase  in  the  amount  of  (CH^C0)20  does  not 

lead  to  an  increase  in  the  hexogen  yield.  The  yield  of  oxygen  is  at  a  maximum  at 
15  moles  of  (CHjCC)20  (see  Fig. 77). 

Investigations  ser'/e  os  the  basis  for  suggesting  the  following  mechanism 
of  urotropine  nitrolysis  by  nitric  acid  in  the  presence  of  amBonium  nitrate  and 

»  f* 

acetic  anliydride  (Fig.78)  (Bibly75).  Stages  5,  6,  and  7  regulate  the  process  rate 


NH^KO, 


m0t» 


Fig. 76  -  Effact  of  Quantity  of 
upon  Yield  of  Hexogen  and  Oxygen 
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Fig, 77  -  Effect  of  Amount  of  HNO^ 
and  {^^00)20  upon  Yield  of  Hexogen 
and  Ox:’gen 

a)  Hexogen  yiela;  b)  Ox;.-gen  .yield j 
c)  Yield  of  Hexogen  and  cx;'’gen; 
d;  Hexogen;  e)  Oxygen 


in  the  production  of  hexogen  under  the  Bachman-Rcss  reaction.  If  stage  5  is 
eliminated  by  slowing  the  ammonium  nitrate  addition  reaction,  the  consequence 
is  the  formation  of  linear  products,  but  there  is  no  reduction  in  nitric  acid 
consunqDtion,  inasmuch  as,  instead  of  hexogen,  formation  of  diacetoxytetramethylene- 
dinitroamine  occurs  (Bibl.l),  containing  the  same  number  of  nitro  groups: 

CH,  -  —  O  -CH,  -  N  —  CH.  -  N  -  CH-  -  N  —  CH,-0-C  —  CHj. 

II  I  ■  1  '  I  II 

O  NO;  NO;  NO;  0 

Replacement  of  acetic  anhydride  by  nitric  acid  anhydride  (at  a  ratio  of 
^6^12^4  :  HNOj  ;  N2O5  »  1  :  11,7  :  3.9)  leads  to  the  XXlSa  formation  of 
dinitrooj^ytetramethylenetrinitroamine  (Bibl.55)  in  addition  to  the  hexogen 
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OsNOCH.  —  N  -  CH|  —  N  -  CHj  —  N  -  CH3ONO... . 
NO;  NO,  NO, 


Chute  and  others  (Blbl.55)  produced  linitropentamethyle^ietetramine  by 
treating  uroti^pine  dinltrate  with  acetic  anhydride  for  4  day).  Nitrolysis  by 
the  latter  by  a  mijcture  of  99.6^  nitric  acid  and  NH/^NO^  (in  a  molar  ratio  of 
1.78  :  1)  at  25°  and  70  -  75°  led  to  the  formation  of  a  mixture  of 52^  hexogen 
and  17?  ox^/gen.  Change  in  the  ratio  between  HNO^  aiid  NH^NOj  to  1  :  1  increases 
the  yield  of  hexogen  to  57?,  and  the  yield  of  oxygen  is  diminished  accordingly 
(Bibl.76): 


NO, 

I  N 

N  /l\ 

/  \  /  \ 

CH,  CH,  CH,  CM; 

I  I  HNO  '  ' 

(VN-N  N-NO,  jUzi  0;N-N  CH,  N-NOo 

I  I  III 

CH,  CH,  CH..-N-CII; 

\  / 

N 


NO; 

I 

N 

/  \ 

CH;  CH, 

I  I 

NOf-N  N~NO, 
\  / 

CH, 


1 

NO; 

+ 

HNO,(PPT) 

1 _ 

+ 

NH4NO, 

(CHjCWjO  I 


UNO, 


i. 


b) 


o')  y^UHO, 
AcHjCOhO 


HNO>.  tf, 
(CH,CW,0'/ 


0) 

P) 


or 


Fig.78  -  Nitroljtsis  mXlBBHttiqmttM  Urotropine  by  Nitric  'Acid 
in  the  Presence  of  Amaonium  Nitrate  and  Acetic  Anhydride 


(For  captions,  see  next  page) 
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Fig,78  vcont’d) 

•  a)  Urotropine;  b)  Stage  1  (very  fast);  c)  Stage  2  (fast);  d)  By  atomic 

«•  •  •  • 

compound;  e)  Stage  3  (fast)*;  f)  Six-tem-ring 

compound;  g)  Stage  4  (slow);  h)  Stage  5  (slow);  i)  Carbon  compound  for 
oxygen  and  hexogen  (possibly  DF'I^);  j)  Stage  6  (slow);  k)  Stage  7  (slow); 

1)  Hexogen;  ra)  Oxygen;  n)  Linear  products;  o)*Dinitropentaniethylenetetrainine; 

<$» 

p)  Diacetoxytetramethylenetrinitroamine 

When  dinitropentamethylenetetramine  is  treated  with  nitric  acid  containing 
N2O5  at  0  -  25°,  a  linear  compound  l,9-dinitroox3'-2, 4,6, 8-tetranitro-2, 4,6,8- 
tetrazanonane  ( III ) : is  isolated : 

NO,  — OCHs-N-CHi-N-CHs-N-CHp-N-CHiO-NO,.  (Hi) 

I  I  I  I 

NO;  NO;  NO,  NO, 

which,  under  the  influence  of  sodiuin  acetate  solution  in  acetic  acid  is  converted 
to  l,9-diacetoxs'-2,4,6-tetranitro-2,4,6,8-tetrazanonane: 

CH,-C-OCHi  — N-CH,-N-CH:-N-CH2-N-  CHjO-C-CHj,  (II) 

II  ’  I  •  I  I  II 

0  NO,  NO;  NO;  NO.  O 

obtained  earlier  by  Bennett  and  others  (Ribl,??), 

269  l,9-diacetoxy-2,4,6,8-tetranitro-2,4,6,8-tetrazanonane  may  be  obtained 

directly  from  dinitropentamethylenetetramine  by  treating  JiX  it  with  a  mixture"  of 

to  this  system 

HNO^  and  (08300)20  at  44°.  Addition  of  NH^NO^/at  65  -  70°  directs  the  reaction 
towards  the  formation  of  hexogen  (Bibl.74). 

Marcus  and  Winkler  (Bibl.78)  also  obtained  diacetoxy-2,4,6,8-tetranitro- 

rannunfifMMnnnt  2,4,6,8-tetrazanonane  from  dinitropentamethylenetetramine  through  the 
following  Intermedlatet  2-aoeto]QnMthyl«4,6,8  trlnitrocyelotetramethylenetatramine 
(PHX)j 
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NOj 

N 

^  \  ■ 

CH.  CHj 
I'  ( 

O.N-N  N  — NO, 

■  I  I 
CH.  C(l, 

\  / 

N 

I 

CH^OOCHj 


The  mechanism  due  to  McKay  and  others  (Bibl.76)  appears  as  follows: 


NO, 


<j  I 

+1 


II 

O  NO,  NO,  NO, 

II  II  I  I 

►  CH,-C  — O-CH.-N-CIh-N-CHj-N  — CH,-N  — CH,-0- 

t  1 

'  NO> 

I  I 

i  N 

^  '' 

I  CH,  CH, 

.  II 

0,N-N  N  — NO, 

I  I 
CH.  CH, 

\  / 

N 
I 

CH,OOCIIj 
1 
N 
/  \ 

j  CH,  ,  CH, 

OjN-N  CH,  N-NO, 

CH,  '  CH, 

^■,!/ 

N 

III 

NO,  NO,  NO,  NO. 

I  I  ■  I  I 

NO,  -  OCH,  —  N  —  CH,  —  N-CH,  —  N-CHj-N  -  CH,0  -  NO,  »- 


0 

II 

C-CH, 


O 
I  ■ 

+ 

6'^ 

z 

X 


Formation  of  oxj’^gen  in  the  presence  of  .Tajnonium  nitrate  in  a  solution 
consisting  of  the  system  HNO3  -  (^300)20  means  that  NH4NO3  either  facilitates 
the  removal  of  formaldehyde  or  prevents  etherification.  These  effects  are 
apparently  interrelated.  Thus,  for  example,  it  is  known  that  when  ammonium 


nitrate  dissolves  in  this  mixture,  the  JQHf  reaction  tea^rature  has  to  ,e  raised 
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60  -  70°,  before  the  nitric  acid  becoaee  effective  for  etherification,  or  for 
nitrolyeie.  Raising  of  the  tse^jeratufe  is  apparently  necessary  'Jn  order  to 
clean  off  the  formaldehyde. 

Thus,  the  moohanisms  of  Chute  (Bibl.55),  McKay,  Richmond,  and  Wright 
as 

(Blbl.77),  Kltt  supplemented  by  Marcus  and  Winkler  (Bibl.78)  support  the  right 
side  of  the  general  mechanism  due  to  Epstein  and  Winkler  (Bibl.75). 

The  literature  also  describes  a  number  of  UUik  the  methods  of  producing 
hexogen,  hut  those  have  hitherto  not  been  practical  applications. 

Methods  (hihl.79,  80)  have  been  suggesteil  for  the  production  of  hexogen 

urotropine 

that,  it  is  claimed,  yield  9Cfi  yields,  based  on  treatment  of  with 

nitric  acid  in  the  presence  of  03^5  according  to  one  patent,  and  in  toe 

presence  of  acetic  anhydride,  ammonium  nitrate,  and  lithium  nitrate  in  accordance 
with  a  second  patent. 

One  mole  urotropine  is  added,  in  25  min,  at  65°,  to  a  mixture  of  4.25  moles 
HNO3,  4.16  moles  HH4NO3,  b.7  moles (CH3CO) 36  and  2.58  moles  Li(N03)2. 

Caesar  and  Goldfrank  (Bibl.81)  have  proposed  the  production  of  hexogen  by 
nitration  of  utroplne  by  a  solution  of  N2OJ  in  chloroform,  carbon  tetrachloride, 
or  dichloropropylsne.  According  to  the  authors,  nitrol;\'si3  by  this  method  may  be 
performed  either  batchwise,  or  continually,  in  either  case  the  product  yield  is 
high. 

An  interesting  method  of  preparing  chemically  pure  hexogen  was  developed 
by  Brockman  and  others  (Bibl.82).  The  initial  product  is  l,3,5-trinitr08O- 
1,3,5-triazacyclohexene,  »Mch  is  made  from  urotropine.  ‘  The  nitroao  compound 
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reacts  vigorously  (vrLth  ignition)  with  concentrated  UM  nitric  acid  at  low 
t«nperature.  However,  at  a  teinperature  of  -40°,  the  reaction  goes  calmly.  The 
authors  oxidized  a  mixture  in  82  equivalents  of  99%  HNO^,  three  equivalents  of  '>^^2 
and  3.7  equivalents  MX  of  H2O  (in  the  resultant  mixture,  the  HKO3  concentration 
is  92  -  94%).  This  solution  was  cooled  to  -40°,  and  one  equivalent  of  nitroso 
compound  was  added  to  it,  gradually,  with  vigorous  agitation.  The  nitroso  compound 
dissolved  under  these  conditions.  When  the  consequent  solution  was  decanted 
onto  ice,  a  bright  yellow  precipitate  came  down,  which  was  l-nitroso~:l,5-dinitro-l, 
3,5-triazac,yclohexene,  When  this  product  was  returned  to  the  same  oxiaizing 
MQBi  mixture  at  -40°,  and  the  solution  was  allowed  to  heat  up  to  20°,  it  converted 
to  chemically  pure  hexogen  with  a  melting  point  of  204*^.  The  product  yield  was 
a' out  ?5%  of  the  theoretical.  Thus,  the  reaction  of  conversion  of  1,3,5-trinitrosO' 
1 ,3,5-triazacyclohexcne  to  hexogen  proceeds  as  follows: 


CHo 

CH.. 

CHj 

V  \ 

/  \ 

/  \ 

ON-N  N-NO  „,o, 
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.  1  1 
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1  1 
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1 

NO 

1 

NO 
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Properties  of  hexogen.  Hexogen  consists  of  white  odorless  and  tasteless 
crystals.  As  shown  by  the  most  recent  investigations,  it  is  a  powerful  poison 
(Bibl.83),  and  therefore  safety  rules  must  be  rigorously  adhered  to  in  working 
with  it. 

The  specific  gravity  of  hexogen  is  1.816,  and  its  gravimetric  .density  is 
0.8  -  0.9  kg/ltr.  Pressing  at  a  pressure  of  2000  kg/cm^  yields  a  density  of 


1.73»  The  melting  point  is  204.5  -  205°  (Bibl.82).  The  technical  product  obtained 


by  direct  nitrolysie  of  urotropine  by  nitric  acid  fuses  at  202°,  lOBtyu 
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corresponding  to  approximately  1?  Impurities  content.  By  boiling  with  nitric 

may  be 

acid,  the  melting  point  of  hexogen  ll  raised  to  203.5°,  and  repeated 
recrystallization  out  of  acetic  acid  raises  the  melting  point  to  204.5  -  205° 
(Bibi.82).  The  specific  heat  of  hexogen  at  0.30  kcal/gm°C,  and  the  heat  of 
crystallization  is  21.3  kcal/mole  (Bibl.84). 

Hexogen  is  non-hy^roscopic ,  and  poorly  soluble  in  water,  ether,  alcohol, 

HXm  chloroform,  and  weak  nitric  acid.  It  is  readily  soluble  in  acetone  and 
concentrated  nitric  acid.  The  solubility  of  hexogen  am  various  solvents  (Bibl. 85,86; 
is  presented  in  Tables  81  and  82. 

The  solubility  of  hexogen  in  boiling  butyl  acetate  is  IX  7.S%, 

Table  83  presents  data  on  the  solubility  of  hexogen  in  aniline  and  in 
mononitrotoluene,  and  Table  84  presents  the  solubility  in  a  number  of  XUi  new 
solvents  (Bibl,87). 


Table  ai 


Table  2 


a) 

Water 

tt 

Acetone 

II 

Ethyl  alcohol 
Methyl  alcohol 
Henzene 
Toluene 
C  hjorofonn 
Anhj'drous  ether 
CS2  and  CCl^^ 
Cyclohexane 
11 

N  itrobenzene 

II 


t) 


IS 

IMI 

20 

53 

20 

21 

21 

18 

20 

20 

18 

25 

97 

25 

97 


0,01 

0,15 

7,413 

17,50 

0,104 

0,187 

0,015 

0,032 

0,008 

0,038 

<^) 

12,7 

27,0 

1,5 

12.4 


Oj 

i>) 

Q3 

1 

12,5 

80 

1 

2,2 

1 

70  i 

0,44 

60  ' 

trace* 

a)  Solvent;  b)  Temperature,  ^C;  c)  Solubility 
of  hexogen  in  100  gm  solvent,  gm;  d)  Coes  not 
dissolve 


a)  HNOj  concentration,  fk; 

b)  Hexogen  solubility,  ^ 


Table  83 


al 

30 

40 

1 

80 

95 

108 

135  140  !  154 

1  '  1 

M  1 

0.40  j 

- 

1 

1  2,55 

1 

3,65 

1  1 

4*20 

1 

1 

4,74  !  —  !  5,12 

1  1  1 

c) 

! 

1,93 

1  3,81 

!  1 

9,03 

12,22 

1  i  ' 

1  27,4  29,43,  - 

1  1 

in 


a)  Temperature,  °C;  b)  Solubility  la  aniline  in  c)  Solubility  in 
mononitrotoluene  in  ^ 


Table  84 


bl 

0] 

e)  : 

dj  !  t)  1 

i  1 

f) 

1 

<3)  1 

h) 

0 

1 

25 

1 

1.6  , 

1  1 

2,8  1  2,6 

3.1 

1.5 

1.6 

1  31.9 

100 

9,3 

13,3  j  10.0  •! 

13,5 

7,9 

6,4 

j  71.1 

ten^erature,  c)Cello8olve;  d)  Methyl-cellosolve, 

a)  Solubility  of  hexogen  at  ©C;  b)  Solvents;  ‘ 

e)Carbitol;  f)  Metbyl-carbitol;  g)  Acetate-carbit^ol;  h)  Butyl-oarbitol; 

i)  Dlaethylfonnamlde  (cont’d  on  next'page) 
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glycol  Bonelfhyl  other 

Annotation.  Cellosolw  -  is  CH2(OH)CH2(OC2H5); 

methyl-cellosolvo  -  is  ><)tyXimMj{IWnn  ethylene  glycol  methylether  CH2(0H)CH2(0CH3)  ; 
oarbitol  -  is  diothylene  glycol  ethyl  ether  CH2(0H)CH2-0-CH2-CH2(C<J2H^) ; 
Methyl-carbitol  is  diethyleneglycol  methylether  CH2(0H)CH2-0”CH2-CH2-CH2(0CH3) ; 
aoetate-carbltol  Is  diothyleneglycol  monoacstate  SijJUUOUS^mUi  monomethylether 
(CH-^COO)  *  CH2-CH2-0-CH2-CH2(0CK^);  butyl-carbitol  is  diethyleneglycol  butylether 
(Cy^HqO)  •  CH2-CH2-0-CH2-CH2(0H). 

monoclinio 

Hexogen  is  crystal!  is-ed  out  of  acetone  in  ths  system,  and  out 

of  nitric  acid  in  the  tetragonal  system. 

Ta^le  85  illustrates  the  eutectic  mixtures  formed  Vy  hexogen  and  other 
organic  substances  (Pill, 85), 

Ta-.  Table  85 


«) 

i  b)  1 

L.  _ J_ 

c) 

Para-nitr ot  oluene 

i  abfut  0,5  I 

50.4 

Para-riitroanisolo 

about  0,5  1 

50.9 

a -nitronaphthalene 

1  abvut  1.5  j 

55.4 

Meta-dinitrobenzene 

8 

85 

u -trinitrotoluene 

2,5  '• 

78.6 

1» 3, 5-trinitrobenzene 

about  3,3 

113. 8 

Picric  acid 

12 

' 

112,9 

118,1 

Tetryl 

1  17 

112,4 

Diswthyldiph  <nylurea 

;  3  ! 

70.1 

Dlethyldiphenylurea 

Caii^)hor 

!  22 

1  1 

137,5 

a)  Organic  substance;  b)  Quantity  of  hexogen  in  the  eutectic,  %\ 
c)  Freezing  point  of  eutectic,  ®C 
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Hexogen  is  stable  to  solar  radiation. 


Hexogen  is  a  neutral  substance  that  does  not  react  with  dilute  acid. 

equation  (Bibl.88). 

Concentrated  sulfuric  acid  composes  it  in  accordance  with 

(CH,NNOj),+2H,S04  ■^3CHj0  +  2HNS05-f2N,  +  H:O. 

Ibis  reaction  is  explained  by  the  insignificant  yield  of  hexogen  vihen 
urotropine  Is  nitrated  vfith  mixed  XMX  sulfuric  and  nitric  acid  even  containing 
a  little  HjSO^^  (the  mixed  acid  consists  of:  8Bf  HNO^j  8^  H2S0ji^;  H2O), 

Hexogen  dissolves  in  concentrated  nitric  acid  in  the  cold  without 
decoB9>oaition  and  may  be  precipitated  therefrom  simply  by  diluting  the  acid  with 
water. 

When  hexogen  is  treated  with  alkali  dissolved  in  an  aqueous  acetone 
solution,  hydrolysis  occurs  (Bibl.89).  The  energy  of  activation  of  this 
hydrolysis  is  equal  to  14  kcal/mole  (Bibl.90).  The  high  speed  of  hydrolysis 
of  hexogen  by  dilute  caustic  soda  solution  is  employed  in  industry  to  remove 
hexogen  from  the  apparattis  (Bibl.60). 

The  hydrolytic  cleavage  of  hexogen  also  occurs  when  it  is  cooked  with 
an 

water  in/autoclave  at  a  temperature  over  150®  (the  technical  method  of  removing 
acid  from  the  hexogen  crystals).  HNO^,  CH^O,  NH^  (as  nitrate)  as  well  as 
are  found  in  the  mother  liquors  (Bibl.9l).  The  hydrolysis  apparently  goes  in 
accordance  with  the  following  equation: 

(Cl  I^NN0;)3  +  6H.O  z:  3 H;CO  +  -  • 

Hexogen,  prepared  by  the  acetic  anhydride  method  contains  oxygen  as 


an  ii^urlty, 


Tho  aaount  of  oxygen  In  the  hexogen  is  dbtemlned  by  thenul  analysis 

based  on  the  melting  point  of  the  hexogen>oxygen  mixture  (F'ig.79).(Bibl.82). 

The  bottom  line  of  this  mechanism  represents  the  first  observed  softening  of 
specimen, 

¥)axnginiY  whereas  the  upper  line  denotes  the  disappearance  of  the  final  crystal 
thereof. 

Hexogen  obtained  by  the  method  of  nitrolysis  contains  bound  HNO^j  and 
oxyhexogen  (up  to  0.0^^).  Qxyhexogen 


CH, 

OjN-K  N-NO, 

I  I 

Cllj  CH, 

O 

is  a  white  crystalline  substance  with  melting  po}.nt  of  92  -  98°  and  crystallizes 
out  of  a  mixture  of  water  and  acetone.  Its  solubility  in  acetone  is  greater  than 
that  of  hexogen,  and  therefore  it  remains  in  the  siother  liquor.  Oxyhexogen  is 
stable  in  the  pure  form  and  therefore  its  presence  in  hexogen  does  not  affect 

I 

'the  stability  of  the  latter  (Bibl.9l). 

Hexogen  is  highly  stable  and  may  be  stored  fbr  months  at  50°  without 

decosqsosition.  It  withstands  011  the  Abel  test  at  60°  for  more  than  60  hrs. 

The  stability  of  chesdcally  pure  hexogen  considerably  exceeds  that  of  tetryl, 

but  the  stability  of  the  technical  produ.t  is  not  Infrequently  lower  than  this. 

There  may  be  two  reasons  for  the  Inadequate  stability  of  technical  hexogen. 

.  ' 

The  first  is  the  presence  in  the  product  of  diaeetoxytetrvnsthylenetrlnltroamlne 
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as  an  impurity  (BSX).  This  latter  nay  be  present  in  hexogen  obtained  by  the 

•  a 

acetic  anhydride  aethod.  Hexogen  is  stabilised  by  long-term  boiling  in  water, 

during  which  the  unstable  ggnHCgy 
dlaeetoxytetrainethylenetrinitroamine 
decomposes. 

A  second  reason  for  the  inadequate 
tecnnical  hexogen 

stability  of  l-y»maia*ityts  is  the  presence 
of  nitric  acid  therein  that  has  not  been 

Fig. 79  -  Diagram  of  Fusibility  of 

Hexogen-Oxygen  Mixture  washed  out.  This  shortcoming  is  Inherent 

a)  Qxygeni  b)  Hexogen 

in  hexogen  obtained  by  the  nitrolysis 

method,  in  which  the  hexogen  is  isolated  from  ^5%  nitric  acid.  Hie  hexogen  crystals 
formed  contain  bound  nitric  acid,  the  removal  of  which  occurs  very  slowly  even  upon 
long  boiling  and  the  presence  of  small  crystals.  In  order  to  achieve  0,13?  hexogen 
acidity,  a  long  period  of  washing  (40  -  50  hours )  is  required.  This  is  difficult  to 
achieve  under  industrial  conditions  (Bibl,91).  The  presence  of  a  considerable 
amount  of  nitric  acid  in  the  technical  hexogen  induces  hhhhi  corrosion  and  renders  ' 
utilization  of  standard  specimens  difficult  in  determining  stability.  It  has 
been  shown  (Bibl.9l)  that  nitric  acid  virtually  does  not  reduce  the  stability  of 
hexogen.  Thus,  a  second  XiXX  reason  for  the  low  stability  of  XilMIIKKIK  technical 
hexogen  is  essentially  merely  apparent. 

The  acid  present  in  hexogen  destroys  the  packaging  material  upon  storage. 

It  has  been  suggested  that  this  phenomenon  be  combated  by  adding  3  -  4?,  M,  . 

KB  N'-dlphenylethylenediamine  or  some  other  similar  substance,  capable  of 
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reacting  with  nitrogen  oxide,  to  the  packaging  (Blbl.92) 
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Upon  heating,  hexogen  starts  to  deconqiose  with  noticeable  rapidity  to 
200°.  The  flash  point  is  230°  (Bibl.93).  In  the  open  air,  hexogen  burns  with 
a  bright  vriilte  flame,  leaving  no  residue,  whereas  upon  rapid  heating  it  decoiq>ose3 
with  explosion. 

Pure  hexogen  is  thermally  stable. 

The  comparative  data  on  stability  due  to  tlansen  (in  terms  of  pH)  after 
a 

heating  6  gms  of  KNMXlXXl/substance  at  132°  are  presented  in  Table  So. 

Data  on  the  stability  of  mixtures  containing  hexogen,  aamonlum  nitrate,  and 
dl eyar.ediamiT^,are  presented  in  a  work  by  Brandimarte  (Bibl.94). 

Table  86 


«) 

1 

c) 

1  d) 

1 

(1 

1 _ ... 

C.53 

(>,S5 

6,5(i 

1 

,  3,11 

3.03 

o 

:.,si 

■J.VG 

2,64 

2 

.',32 

4 

3  22 

5 

5.73 

— 

fvmtt 

6 

— 

— 

— 

8 

5.(18 

L\73 

L>,tl8 

_ 

a)  Hesting  time,  hrs;  b)  Hexogen;  c)  Tetryl;  j|rai  d)  PETN 


In  stop  sensitivity,  hexogen  occupies  a  position  midway  between  tetryl 
and  *TO  PETN.  In  isqsact  testing,  a  2  kg  weight  causes  explosion  of  hexogen 
when  dropped  from  a  height  of  30  -  32  cm.  Sensitivity  in  the  standard  test 
(p  -  UXXP  10  kg,  h  -  2$  cm)  XXOtt  ia  SCf. 
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•xplosive 

Iho  heat  of  IffUIB  doeoapositlon  of  hexogen  is  1320  keal/kg,  the 

exploalon  velocity  . 

voluae  of  gaseous  *sjfrx»rs»  products  is  U  910  Itr/kg,  the  UQQE  of  detonation 

(<>’  -  1,7)  &^00  Veee,  MIHIMtl  expansion  in  the  Trauzl  block  is  476  cu. 

phlegaatlzed 

The  explosive  |0QQ  properties  of  XXMffBBOMM  hexogen  diminish  substantially 
with  Increase  In  the  quantity  of  .ZZIjtIttXOXMX  phlegmatlzer  (Blbl.95)* 

Hexogen  Is  employed  to  fill  small-caliber  shells,  shaped  charges,  in 

X*!  O' 

MMnCttCX  detonators,  and  in  caps,  '^^mix  with  aluminum  powder  or  trotyl,  U  it  is 
en^Jloyed  to  fill  various  types  of  munitions.  Also  employed  are  mixtures  of  the 
van  following  IMUmitlQIiitl  percentage  composition: 


Trotyl . 60  80  20  12.5  50 

Hexogen . . .  40  20  78.5  75.0  14.O 

Paraffin . -  -  1.5  - 

Tetryl  . -  -  -  12.5  - 

Aluminum  . -  -  -  -  10 


Hexogen  is  also  employed  in  so-called  plastic  high  explosives  or 

explosive  putties.  A  mixture  of  hexogen  and  a  binder  is  soft,  plastic,  and  somewhat 

blasting, 

tacky.  These  are  employed  in  ■*pffaigj»^  for  exasqjle,  may  be  used  to  cut  metal 

[lemolish  ' 

bridge  girders,  blow  up  tanks, frefnfbreed-concrete  fire  points,  etc.  Mixtures 

of  this  type  XMnfTsim  consist  of  88  parts  finely-ground  hexogen  and  12  parts 
7j8< 

grease  or  T^XP***  hexogen  and  22;t  resinous  mBWHiM*  binder  consisting  of  a 
nltro  derivative  of  an  aromatic  hydrocarbon  and  nitrocellulose. m 
Section  2.  Technology  of  HexMten  Production  (Bibl.45.  47.  63.  86.  96.  97) 

During  World  IK  War  11,  the  production  of  hexogen  attained  particularly 

large 

'MX|I  scope  in  Germany,  USA,  fiigland,  and  Canada.  In  the  course  of  the  War,  hejugen 
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production  eap&eltles  Inerowed  sharply,  for  exai^le,  by  acre  than  90<old  in 
Geraany  (froa  600  tons  In  1938  to  56,600  tons  In  1944). 

In  Oraany,  a  total  of  five  aethods  were  employed  In  hexogen  manufacture, 

of  which  the  major  one  was  the  SH  method,  consisting  of  nltrolysis  of  urotropine 

methods 

275  with  concentrated  nitric  acid.  The  other  BnCHKI  were  experimental  and  actual 

production  of  hexogen  by  those  methods  was  considerably  lower  than  the  capacities 
of  the  installation. 

In  England  (Bibl.45),  development  of  a  method  of  hexogen  production  began 
in  1932,  and  in  1933  a  plant  producing  34  kg  of  hexogen  per  hour  without  recovery 
of  the  spent  acid  was  already  in  operation.  At  the  end  of  1939,  recovery  of 
nitric  acid  wastes  by  absorption  of  nitrogen  oxide  and  concentration  of  the 
spent  acid  was  achieved.  This  made  it  possible  to  recycle  about  5.5  ton  of  nitric 

acid  per  ton  of  finished  product.  In  1941,  a  plant  began  to  function  in  the 

BriSssmiaSFr  -r, 

vicinity  of  producing  90  tons  of  hexogen  per  week,  and  subsequently 

this  fig\ire  was  doubled.  Hexogen  was  obtained  by  direct  nltrolysis  of  urotropine 
by  concentrated  nitric  acid  or  by  the  so-called  oxidizing  method.  By  1942,  the 
acetic  anhydride  method,  which  is  economically  much  more  advantageous,  was 
developed. >  In  the  United  States  and  Canada,  hexogen  was  produced  by  the  same 
aethods  as  in  England.  Ihe  first  |KI  plant^  started  in  the  susaier  of  1941,  worked 
on  the  buls  of  a  technology  borrowed  from  Britain  (Bibl.69}.  Simultaneously, 
Joint  Investigations  were  carried  out  in  the  USA,  England,  and  Canada,  and  the 
development  of  a  technology  for  the  production  of  oxygen  by  the  acetic  anhydride 
method  (Blbl.69).  In  February  1942,  an  e3q>sriasntal  plant  was  put  into  operation 
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for  the  productlm  of  oxjrgen  by  the  acetic  anhydride  method  in  continuous 

apparatus,  and  subsequently  (1943),  a  plant  went  into  operatiw  at  which  the 

spent  acid  was  completely  recovered. 

Production  of  Hexoeen  bv  the  Oxidising  Method  (Bibl.60) 

Enelieh  Variant 

A  technological  process  for  the  production  of  hexogen  consists  of 

three  stages:  nitration,  washing,  and  drying,  performed  in  separate  buildings. 

Nitration.  At  this  stage,  nitrolysis  of  urotropine  is  performed  by  direct 

metering  of  crystalline  urotropine  and  concentrated  nitric  acid  into  a  cooled 

reaction  mixture  consisting  of  the  same  ingredients.  The  resultant  solution 

byproducts, 

contains  hexogen  and  various  undesirable  M>annf}Hng|iinny  as  well  as  maifTitg 

a  considerable  quantity  of  unutilized 

KffNMiyuyyMfXlfmxiJDCiCXMMWtt  nitric  acid. 

This  "olution  is  run  into  a  vessel  in  which  it  is  diluted  with  water  to 
crystallize  the  hexogen  out.  The  nitro  mass  is  held  at  high  temperature,  so 
as  to  XK  make  it  possible  for  the  byproducts  Si  dissolved  therein  to  decompose. 
The  residual  weak  acid  is  separated  from  the  solid  hexogen  by  continuous 
filtration  and  is  stixed  with  weak  acid  obtained  from  absorption  columns,  ZiOE 
before  beihg  sent  to  concentration. 

These  processes  are  performed  in  two  or  three  nitrators  and  two  dissolvers, 
arranged  in  series. 

A  nitrator  (Pig. 80}  consists  of  a  rectangular  vessel  of  stainless  steel 
divided  by  partitions  into  three  seeti,ons  each  having  an  agitator.  In  the  first 
section  there  are  three  concentric  coils  (cooling  surface  1.8  m^).  The  second 
and  third  oosvmrtawnts  have  one  coil  saeh.  The  temperature  of  the  nitro  mass  in 
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the  first  end  aeoond  aeetlons  aiuat  not  be  over  25°.  In  the  third  aeotlon  of 
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the  nitrator,  hot  vater  clreulatea  in  the  coll,  and  the  temperature  of  the 
nitro  mass  is  held  at  38°,  which  facilitates  Increased  hexogen  yield. 

XM  Two  gas  tubes  lead  frost  the  cover  of  the  nitrator,  and  the  first  tube 
contains  a  cylindrical  pyrex  observation  window  for  examination  of  the  color 
of  the  gases  emitted.  The  appearance  of  any  considerable  quantity  of  nitrogen 
oxides  warns  of  the  need  for  immediate  UXX  dumping  of  the  nitrator  contents 
into  the  emergency  vat.  The  covers  of  the  first  and  second  coii9>artments  have 
apertures  through  which  the  urotropine  is  delivered.  A  feed  iqyox  apparatus  for 
delivery  of  nitric  acid  is  provided  in  the  first  compartment.  A  discharge  aperture 
is  provided  in  the  wall  of  the  third  compartment. 

The  feed  device  for  delivery  of  urotropine  is  installed  in  the  compartmer.t 
above  the  nitrators.  This  consists  of  a  double  receiving  hopper  having  two 

horizontal  screw  feeds.  These  are  actuated 


by  gear  boxes  and  meter  the  urotropinCj so 


that  the  second  lUBDCX  feeder  fUfttU  provides 


1/4  as  much  as  the  first.  The  speeds  may  be 


regulated  so  that  the  total  feed  is  from 


57  -  170  kg  per  hour.  The  controlled  flow 

through 

of  urotropine  is  sent  tltrough  the  floor  XK 


two 


troughs  into 


the  first  two 


Fig.  80  Appearance  of  Nitrator 


worm 


conpartswnts  of  the  nitrator,  vertical  SBBBI 


conveyors  being  ei^oyed.  The  delivery  of 


*  # 
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nitric  acid  Into  the  nitrate  la  through  a  variable-area  flow  Mter. 

A  dlaoharge  valve  la  ^ovlded  In  the  bottom  of  the  nitrator,  through  tdilch 

* 

the  nltrator  contents  Zi  flew  Into  a  tank  containing  an  aqueoua  urea  aolutlon. 

e 

When  the  nltro  mass  is  discharged  to  the  solution,  considerably  less  gas  is 

emitted  than  when  It  is  discharged  Into  pure  water.  Ihe  nitro  mixture  goes 

standpipe 

from  the  nltrator  Into  a  ifHKIf  feeding  the  diluter.vdilch  Is  located  somewhat 
lower. 

The  diluters  (Bibl.81)  are  similar  to  the  nitrators  in  form,  but  considerably 
larger  {L  •  ?.6-m;  b  •  0.6  m;  h  •  1.1).  The  useful  depth  is  0.7  m.  Each  diluter 
contains  four  chambers  for  mixing,  equipped  with  cooling  coils. 

The  agitators  have  flat  vanes  and  operate  at  195  rpm. 

The  riitro  mass  emerges  from  the  diluters  through  closed  troughs  and  goes 
to  a  cooler  consisting  of  three  chambers  (a  principal  chamber  and  two  auxiliary 

/ 

chambers).  The  cold  mass  flowing  from  these  chambers  goes  to  classifying  filters/ 
(Fig.82). 

At  the  onset  of  nitration,  the  diluter  is  filled  with  55!^  nitric  acid,  which 
is  then  heated  approximately  to  VXP  by  tt]HQE  steam  circulating  in  the  coils. 

Steam  delivery  is  gr^ually  diminished  as  the  nltro  mass  arrives  from  the 
nltrator,  and  water  delivery  is  turned  on.  The  amount  of  water  provided  is 
such  as  to  cause  the  concentration  of  the  outgoing  acid  to  be  55^.  The  tea^erature 
of  75°  is  maintained  in  the  diluter. 

The  nitrogen  oxides,  usually  IHitt  liberated  in  the  diluter,  are  removed 

from  each  chamber  through  ^  pipes  BHHIjmHHi  Joined  in  a  single  line,  %dileh  are 
•• 
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in  turn  oonn«et«d  to  a  single  aanlfold  leading  to  a  condenser. 

The  nltro  aaes  goes  to  the  first  chaifcer,  in  which  water  for  dilution  is 
delivered  through  the  roof  by  tube.  Wash  water  is  used  for  this  purpose.  The 
amount  of  water  delivered  is  reg'ilated  by  a  variable->area  flow  meter. 

The  gas  line  is  equipped  with  emergency  Venturi-type  steam  Jet 

feed  devices  for  use  in  case  of  a  power  failure  or  failure  of  the  fans.  The 
pressure  depression  in  the  gas  line  is  held  at  12  -  19  mn  Hg  during  the  entire 

I.'’.':;.' 

operation.  Any  violation  of  this regimen  mty  lead  to  filling  the 
building  with  gas,  as  each  diluter  produces  up  to  6.8  kg  NO2  per  hour  under 
normal  conditions  of  operation.  Therefore,  provision  is  made  for  the  use  of 
emergency  Jet  feeds  for  the  gas  instruments,  which  may  be  connected  at  the 
building  door. 

{L 

A  sloping  gas  IXMiX  line  runs  from  ^  building  to  a  barometric  condenser, 
in  which  the  acid  condensate  is  accumulated  and  from  which  it  is  returned  to  the 
system,  while  the  non-condensing  gas  goes  to  another  condenser  (diameter  1.8  m, 
height  3.3  m,  containing  7C6  38HnB  stainless  steel  tubes,  Z.U  m  long,  in  three 
passes,  cooled  with  water  XUH  from  without).  The  condensate  is  collected  at 
the  bottom  and  rstsmiri  to  the  system,  and  the  gas,  which  by  now  is  cooled  to 
20  -  30°,  proceeds  along  the  stainless  steel  line  leading  to  absorption  columns 
(Fig.83). 


The  nitration  building  has  a  control  panel 


Fig. 81  -  Appearance  of  Diluter 

The  aasa  of  raw  hexogen  and  weak  nitric  acid  go  from  the  cooler  through  a 
closed  trough  to  the  first  filter,  where  the  spent  acid  is  separated  Xlii  from  the 

hexogen.  The  hexogen  then  goes  to  a 

■second  filter,  in  which  it  is  washed 

with  water  to  remove  the  remaining  acid. 
The  acid  water  is  sucked  into  a  sump  and 
is  later  used  to  dilute  the  nitro  mass. 
The  raw  hexogen  emerging  from  the 

Fig. 82  -  Appearance  of  Classifying 

Filter  second  filter  goes  to  a  car  (stainless 

steel)  in  which  it  is  transported  to  the  washing  department.  At  another  plant, 
the  hexogen  is  washed  off  the  filter  by  water  into  a  wooden  vat  equipped  with  an 

agitator  (500  rpm).  The  hexogen  suspension  is  pumped  from  the  vat  to  the  washing 

a  3  team- jet 

compartment  through  a  50  mm  tube  by  mews  of  ejector. 


W*«hln— .  Raw  hexogen  contains  a  portion  consisting  of  ooarae  granular 

«> 

particles  uhloh  have  tb  be  reduced  in  size  inasnmch  as,  in  the  Intervals  between 

the  crystals,  they  contain  nitric  acid  (0,1  -  0,2f),  Moreover,  there  is  nitric 

acid  in  the  wash  liquid  reoaining  on  the  raw  hexogen.  The  purpose  of  the 

technological  processes  in  this  stage  is  to  reduce  the  size  of  the  large 

hexogen  grains  and  remove  the  nitric  acid  by  washing. 

A  car  contining  raw  hexogen,  upon  arriving  at  the  wash  builaing,  is  rolled 

third 

under  a  steam-jet  apparatus,  to  the  suction  end  of  which  a  MWOI  and  a  fourth 
hose  is 

inumfMnpm  fastened.  The  water  is  added  to  the  hexogen  mass  by  means  of  a  hose. 
The  entire  mass  is  picked  iqj  by  the  suction  of  a  steam  ejector  as  the  hexogen 
softens.  Thus,  a  single  woman  worker  is  able  to  MIfX  empty  and  fill  a  wagon  in 
five  minutes  time. 


Fig. 83  -  Appearance  of  Absorption  Apparatus 


nie  auspenslon  is  sjsoted  bjr  stssa  and  goes  to  one  of  the  two  stainless 

steel  mixers,  having  a  rounded  bottom^l.2  a  in  diaaeter  and  2.1  a  high.  From 

these  receivers,  the  aass  of  water  and  hexogen,  in  approximately  3:1  ratio, 
r*i±*rsxro]  l<?r  r  ^  11  s 

goes  by  gravity  iaiMMI  where  the  grains  are  crushed.  Water  Is  delivered  to 
the  rows  simultaneous  with  the  hexogen  mass  in  order  to  prevent  heating  should 
delivery  be  interrupted.  The  gromd  mass  is  raised  over  the-MBa  to  a  25  mm  tube 
of  stainless  steel,  to  a  Xljl  height  of  approximately  460  nm,  and  may  be  directed 
into  a  vat  by  means  of  a  rubber  hose. 

The  iUUC  vats  (Fig. 84)  are  of  Columbia  pine  and  are  mounted  on  brick  masonry 

piers  beneath  the  floor.  The  height  for  each  vat  is  2.5  m,  and  its  dlamter  2.4  m. 

The  bottom  slopes  toward  the  discharge  aperture,  over  which  a  steel-faced  valve 

is  MX  located.  A  similar  valve  is  provided  on  the  wall  (1  m  from  the  base)  for 

decanting  purposes.  The  vat  has  an  agitator.  The  mass  it  contains  is  heated 

bubbler, 

with  XX  live  steam  delivered  through  a  /  which  fails  by  150  mn  to  reach  the  bottom 

of  the  vat,  and  which  ends  in  a  slit-like  nozzle. 

About  2000  kg  hexogen  is  charged  into  the  vat.  After  the  suspension  of  hexogen 

and  water  has  entered  the  vat,  the  agitator  is  stopped,  and  the  suspension  is 

given  45  min  to  settle,  subsequent  to  which  acid  water  is  poureu  into  a  wooden 

thrice 

trap  via  a  decanting  valve.  The  mass  is  washed  UXU  with  cold  UXi#  water,  and 
after  water  has  been  run  in  for  a  fourth  washing,  the  mass  is  heated  with  live 
steam  to  90  -  100°  and  held  at  that  temperature 'for  12  hrs . 

After  decanting,  the  moist  hexogen  is  dumped  from  the  vat  and  sent  for 


further  use 


It  has  been  suggested  that,  in  order  to  obtain  loose-flowing  hexogen,  that 


0.5  -  5>(  potassiua  stearate  by  weight  or  other  soluble  salts  of  an  aliphatic 
acid  aontalnj.ng  more  than  10  carbon  atoos  be  added  to  the  suspension  in  warm 
water,  followed  by  an  aqueous  solution  of  CaCl2  or  some  other  water-soluble 
salt  (Mg,  Zn,  Fb,  or  Ni). 


Fig. 8^  -  External  Appearance  of  Washing  Vat 

desiccators 

Drying.  Hexogen  is  dried  in  vacuum-drying  MUIUmM  at.  6CP, 

Hexogen  to  be  used  to  make  mixtures  with  XU  TNT  is  not  dried.  Water 
removal  is  performed  during  mixing  with  the  molten  TNT. 

The  amount  of  initial  products  required  per  ton  of  hexogen  is  (in  tons): 


Urotr  opine . 0.83 

Nitric  acid . 8.78 

Of  which: 

Retump  as  spent  acid  (55/(  HNO^)  . . 3.48 


(ccMit'd  on  next  page) 
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Is  cracked  by  absorption  systsa . . . 3.43 

* 

Ooes  to  in  nitrolysls . .  1.87 


eonsuiMd  in  concentration  of  the  spent  and  adsorbed  acid'  0.49 

Consequently,  the  hexogen  yield  is  37.7^  in  terms  of  formaldehyde,  56.7!^  in 
terns  of  the  amino  groups,  and  9.7!K  in  terms  of  nitric  acid.  The  concentration 
of  the  nitric  acid  employed  is  95  -  96%,  and  the  modulus  is  10.5. 

280  The  German  Variant 

The  "SH"  method  was  developed  in  1937  by  Schnurre  (Bibl.49,  65,  86,  98). 

As  distinct  frcmi  the  English  IfU  variant,  the  process  is  run  in  batch-type 
apparatus  and  a  smaller  amount  of  nitric  4^  acid,  but  of  higher  concentration 
(99^  HN03)jia  employed  for  urotropine  nitrolysis.  Figure  85  presents  a  diagram 
of  tte  technological  process  for  the  production  of  hexogen. 

Nitric  acid  cooled  to  0®  is  charged  into  nitrator  (2),  and  pre-desiccated 
urotropine  is  slowly  added  thereto,  the  temperature  being  held  at  not  more  than 
20°.  To  avoid  liquifaotion  of  the  urotropine,  it  is  reconnended  that  it  be  charged 
in  the  form  of  compressed. balls  (Bibl.98}.  After  nitration  has  ended,  the  nitrator 
contents  are  emitted  into  the  buffer  apparatus,  T¥Mf  from  which  the  nltro  mass 
passes  successively  through  apparatus  (4),  (5)«  (6),  (7),  and  (8),  in  idilch  the 
urotropine  undergoes  eaBq>lete  nitration.  A  temperature  of  15  -  20°  is  maintained 
in  buffer  apparatus  (3)  through  (8).  Further,  the  nitro  mass  goes  from  buffer 
apparatus  (8)  to  stabilization  in  two  oxidizers  (principal  oxidizer  9  and  buffer 
oxidizer  lOj,  to  which  water  is  delivered  simultaneously  for  dilution.  A  tes^rature 
of  70  -  80°  is  maintained  in  the  oxidizer. 
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Then,  the  suspension  of  hexogen  In  spent  acid  flours  to  the  cooler  (11.) 

* 

and  then  goes  In  sequence  through  three  more  coolers  (12),  (13),  (14).  Natural 
cooling  takes  place  in  the  first  gX  three  coolers,  while  in  the  last  the 
nlt.ro  mass  is  cooled  by  water  to  2CP, 

From  cooler  (14)  the  nitro  mass  is  discharged  Into  a  driun  filter  (or 
centrifuge)  CL5,  the  spent  acid  la  drained  into  a  receiver  (16),  and  the  hexogen 
is  washed  two  or  three  times  with  cold  water,  and  then  stirred  with  water  in 
a  mixer  (17).  In  the  mixer,  the  hexogen  is  mixed  with  water  and  the  suspension 
is  sent  by  centrifugal  p\mtp  to  autoclaves  (18)  (the  pressure  in  the  autoclaves 
is  2. 5  -  3  atm)  in  another  building,  where  it  is  heated  to  130  -  140°  and  held 
at  that  temperature  for  4-5  hrs. 

The  rate  of  removal  of  acid  when  hexogen  is  washed  in  the  autoclave  rises 
with,  increasing  temperature  up  to  150°,  but  remains  virtually  constant  thereafter. 
The  velocity  does  not  depend  upon  the  relationship  between  the  amount  of  water 
and  hexogen  (as  it  does  in  cooking  without  an  autoclave),  but  is  dependent  on 
crystal  size  SOODCX  and  is  determined  primarily  by  the  rate  of  diffusion  of  the 
acid  to  the  surface  of  the  crystals. 

281  When  hexogen  is  washed  in  an  autoclave,  hydrolysis  of  the  hexogen  may 

set  in  at  as  low  as  140^,  and  it  will  reach  0,5%  within  two  hours.  When  the 
tesqmrature  is  raised  to  15CP,  the  rate  of  hydrolysis  rises  sharply.  The 
decomposition  of  hexogen  upon  washing  proceeds  by  coaqjlete  destruction  of 


the  OH  molecule  to  form  liquids 'and  gases  which  do  not  iaqsalr  the  properties 


iXX 


.1 
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Fig, 85  -  Diagram  of  Production  of  Hexogen  by  Oxidation  Method 
1  -  Tank  for  cooling  2  -  Mitrator;  3  to  8  -  Buffer  apparatus  to  conplete 

nitration;  9,  10  -  Apparatus  for  oxidation;  11  to  14  -  Coolers;  15  -  Centrifuge; 

16  -  Receiver;  17  -  Mixer;  18  -  Autoclaves;  19  -  Rectification  apparatus; 

20  -  Filter  hoppers;  21  -  Sacks 

a)  Urotropine;  b)  Water;  c)  Cooking  phase,  under  pressure;  d)  Spent  acid  to 
concentration 

Of  the  hexogen:  the  hexogen  is  not  contaminated  by  its  own  decomposition  products. 
(Bibl.91). 

of 

Upon  conclusion  jqOil  the  cooking  in  the  autoclave,  the  mass  is  cooled  to 
100°,  and  drained  into  a  phlegmatisation  apparatus  (19),  containing  fused  synthetic 
wax  colored  by  Sudan  dye.  Ihe  amount  of  wax  used  is  such  as  to  cause  it  to 
imimiHg  constitute  'i%  of  the  hexogen.  After  the  .hexogen  suspension  has  been 
run  into  the  wax,  the  mass  is  rapidly  cooled  to  20®  in  30  min  and  drained  to  wtwis 

— .filter-hopper  (20),  where  the  hexogen  is  squeesed  out  to  iCjt  moisture-oontent - 

within  two  hours.  Ihe  dried  hexogen  is  eaptied  into  silk  sacks  and  sent  to  another 
plant "for  drying. 
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The  acidity  of  hexogen  after  jwashlng  on  the  filter  is  0.3  -  0,U%,  and  after 

•  •  •  • 

cooking  in  the  autoclave  it  is  O.ljK.  The  melting  point  of  the  resultant  hexogen 

is  202°.  0.83  -  0.84  ton  Urotropine  and  7.1  ton  (99!^)  nitric  acid  is  consumed 

* 

per  ton  of  hexogen,  of  which  5.2  tons  are  recovered. 

The  oxidizing  method  of  producing  hexogen,  yielding  a  high-quality  product, 

is  quite  simple,  dependable,  and  sufficiently  safe,  MM*-  KThas  a  number  of 

slgnifJ.cant  inadequacies.  The  major  ones  are  the  large  consunqstion  of  concentrated 

nitric  acid  and  the  lew  yield  of  hexogen  in  terms  of  formaldehyde  (35  -  40^  of 

the  theoretical).  The  need  for  twice  diluting  the  acid  with  water  in  order  to 

of  concentrating 

remove  the  hexogen  also  greatly  increases  the  cost  tMtHWBWKXljpC  the  spent  acid 
or  recycling.  Bearing  these  shortcomings  in  mind,  the  researchers  in  a  number  of 
countries  conducted  investigations  with  the  object  of  developing  more  perfect 
methods  of  obtaining  hexogen.  In  Germany,  diu'lng  World  War  II,  hexogen  was 
obtained  by  other  methods  as  well:  the  "acetic  UQt  anhydride"  ("KA"),  the  "white 
salt"  ("W"),  the  method  based  on  condensation  of  formaldehyde  with  ammonium 
nitrate  in  the  presence  of  BFj  ("E"). 

In  the  United  States,  England,  and  Canada,  hexogen  was  obtained  by  the 
acetic  anhydride  method  which  proved  considerably  more  effective  than  the  oxidizing 
method  (Blbl.69). 

Producing  Hexoaen  bv  the  "W*  Method  (BiDl.63.  86) 

During  World  War  II,  experimental  installation  operated  in  Germany  at  vdilch- 
hexogen  was  produced  by  the  highly  original  "W"  method  (the  sulfamlnlc  acid  as 
intermediate).  A  schematic  diagram  of  this  Installation  is  presented  in  Fig.86. 
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Raactlon  of  aaacHiia  with  sulfuric  anhydride,  vdiich  is  Mtered  in  a  ratio 
of  1:3,  is  perfonwd  in  the  condenser  (1).  This  results  in  the  fonsation  of 

*  w 

sulfonate 

annoniuH  iaino  ^nd  iainr  disulfonate: 

SO,+  2NH,  ->  NH,SO,NH,; 

2SO,  +  3NH,  NUtSOjNH,),. 

The  salt  obtained  is  dissolved  in  thrice  the  asiount  of  water  and  discharged 

into  vats  (2),  whereupon  calcium  oxide  is  added,  in  llCjC  of  the  theoretically 

necessary  quantity.  The  solution  is  heated  by  live  steam  to  remove  the  aononla, 

and  it  is  filtered  free  of  the  excess  calcium  igHnWiyim  hydroxide  on  filter  (3). 

it 

The  filtrate  is  received  in  vat  (4),  where/is  acidified  with  sulfuric  acid 
from  metering  tank  (5).  In  these  operations,  the  following  RMHUCIMHH  reactions 

occur: 

NHjSOjNH^+NH  (SO,NH,):  +  2Ca(OH), 

(NHjSOj),  Ca  +  CaS04  +  3N,H,OH. 

Wi^n  calcium  laiinoBulfonate  is  acidified,  it  hydrolyses  to  form  sulfaminic 

acid. 

potassium 

In  order  to  produce/sulfaiainate,  potassium  oxide  and  UC  potassium  blsulfate 
are  run  into  vat  (4)  after  acidification  and  agitation: 

NH,SO,H  +  KHS04+Ca(OH)j  *  NH,S0aK  +  CaS04  +  2lI,0. 

Then,  the  potassium  sulfasdnate  is  filtered  on  funnel  (6)  free  of  the  CaSO^. 
The  filtrate  then  goes  to  a  vacuus  evapcratirig  ooltian  (7),  where  it  is  vaporized, 
and  then  goee  to  crystalliser  (6)  and  filter  (9)>  The  filtered  cryetale  of 
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potusivai  fulfudnate  go  to  eondensar  (10),  into  which  formlin  la  addad  froa 
vat  (11).  A  oondanaation  raaetion  Xi  Is  run  at  3(P,  the  pH  of  tha  solution  being 
held  at  5.  Tha  solution  la  than  steamed  in  the  XKUiM  vacuum  vaporizing  apparatus  (12), 
cooled  in, crystallizer  (13),  and  the  crystals  are  filtered  off  on  hopper  (14).  The 
potassium  cyclotrlmethyleneiminosulfonate  ("\diite  salt”)  obtained  is 

dried  in  desiccator  (15). 


Fig. 86  -  Diagram  of  Production  of  Hexogen  via  Sulfaminic  Acid 
1  and  10  -  Condensators ;  2  and  4  -  Vats  for  decomposition;  3,  6,  9,  14,  and 

20  -  Filter  hoppers;  7  and  12  -  Evaporation  columns;  8  and  13  -  Crystallizers; 

5,  11,  16,  and  19  -  Metering  tanks;  15  -  Dryer;  17  -  Nitrator;  18  -  Diluter; 

21  -  Receiver 
a)  "White  salt" 

The  nitration  of  "white  salt"  is  performed  by  a  nitro  mixture  of  the 
following  composition:  80  -  815?  HNO3;  4-55?  H^SO^;  13  -  145?  SOj,  and  1-25?  N20^, 
which  is  delivered  from  metering  tank  (16)  (the  quantity  being  1.8  parts  by 
•in  weight  per  1  fAr-  «nite  salt”)  into  nitrator  (17).  The  nitro  mass  goes 
from  nitrator  (l7)  to  diluter  (18),  into  which  water  is  delivered  from  metering 
tank  (19)  for  dilution  to  a  specific  gravity  of  1.2  -  1.3.  Then  the  hexogen  is 
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flltarsd  il  free  ot  the  spent  acid  on  filter  (20),  and,  after  first  being 
«  • 

wash^  with  water,  goes  to  the  final  washing  and  stabilization.  Ihe  spent 
•% 

acid  is  of  the  following  e(Mg>osltion :  Zi%  HNO3:  13  >  Ui  pU  H2SO4;  10  -  11^  KKSO^; 
52  -  %%  HjO. 

Produotlon  of  Hexogen  by  Method.  ’’K"  (Bibl.63  .  86) 

Tn  1936,  Knoffler  developed  a  method  of  producing  hexogen  called  method  "K". 
Figure  87  presents  a  schematic  diagram  of  the  technology  involved  in  the  production 
of  hexogen  by  HUM  this  method. 

Urotropine  is  nitrated  by  a  solution  of  annonium  nitrate  in  concentrated 
nitric  acid.  Nitration  is  performed  in  two  stages.  In  the  first  stage, 

urotropine  is  added  to  a  solution  of  ammonium  nitrate  in  nitric  acid  at  20°.  This 

’  { 

results  in  the  formation  of  hexogen  and  formaldehyde.  The  latter  reacts,  in  the 
second  stage,  at  a  temperature  of  65  -  70°,  with  amnonium  nitrate  and  nitric 
acid,  to  form  additional  hexogen.  The  mass  is  then  cooled. 

The  hexogen  obtained  is  separated  from  the  spent  acid  on  a  drum  filter, 
washed  with  water,  and  crystallized  out  of  acetone.  If  necessary,  the  hexogen 
is  subjected  to  phlegmatizatlon. 

The  spent  acid  contains  a  certain  amount  of  formaldehyde,  as  a  consequence 

of  which  it  is  unstable  and  cannot  be  HHJMMIHMM  subjected  to  regeneration. 

Therefore,  the  spent  acid  is  first  heated  in  special  apparatus  90  -  95°.  This 

and 

is  accoaqianled  by  complete  oxidation  of  formaldehyde  U  partial  decompositlMi 


of  asmonlum  nitrate.  The  nitrogen  oxides  and  nitric  acid  vapors  liberated  therein 


«  * 


Fig. 87  -  Diagram  of  Production  of  Hexogen  by  Method  "K" 

I  -  Tirst-atage  nitrators;  2  -  Second-stage  nitratcrs;  3  -  Metering  tank  for 
'nitric  acid;  4  -  foolers;  5  —  Drum-type  vacjum  filters;  6  -  Washing  apparatus; 

7  -  Acetone  collector;  8  -  Acetone  metering  tank;  9  -  Dissolver;  10  -  Crystallizer; 

II  -•  Filter-hopper 

a)  Nitration;  b)  Spent  acid;  c)  Acetone  to  purification 

go  to  an  absorption  apparatus.  Ihe  stabilized  nitric  acid,  containing  -about  48^ 

HNO^  and  24^  NHji^NO^  are  subjected  to  distillation  in  a  special  apparatus. 

(6C« 

The  major  advantage  of  the  "K"  method  is  a  good  yield  of  hexogen  of 

theoretical  in  terms  of  formaldehyde).  Serious  shortcomings  of  the  method  are: 
the  large 

XXXiUjpE/amount  of  material  that  have  to  be  processed  (more  than  14  tons  of  product 

roductivity  of 

per  tons  of  hexogen,  vrhich  resiilts  in  a  pronounced  reduction  of  the 

the  apparatus,  and  con^licates  the  process),  and  the  very  coaqslex  process  of  recovery 

of  the  nitric  acid  and  aamuniuin  nitrate. 

0.48  -  0.5  ton  Urotropine,  4.8  tons  aomcxiium  nitrate,  and  8.6  tons  nitric 
acid  are  consumed  per  ton  of  hexogen.  3.6  tons  Aomonlum  nitrate,  and  7.2  tons 
nitric  acid  are  recovered. 
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Production  of  Hwtown  by  the  Ac«tle  Anhydride  Ksthcd 
Gartn  Variant  fBibl.63  .  86) 


In  Gormany,  tvo  methods  of  producing  hexogen  vdth  the  use  of  acetic 
anhydride  have  been  developed:  the  "KA"  and  "E"  method. 

The  "KA"  method  is  a  further  iii?)rovement  of  the  "K"  method.  The  technological 
process  of  production  by  the  "KA"  method  consists  of  the  following  operation: 

1)  making  urotroplne  dlnltrate;  2)  making  amnonlum  trinitrate;  3)  nitrolysis  of 
urotropine  dlnltrate  by  amonium  trinitrate  in  the  presence  of  acetic  anhydride 
at  50  -  60°;  4)  filtration  of  the  hexogen  free  of  acids,  washing  of  the  hexogen, 
ard  stabilization  thereof  by  cooking  with  water  under  pressure;  5)  drying  of  the 
hexogen;  6)  regeneration  of  acetic  anhydride  and  spent  acid. 

First  the  dilute  spent  acid  is  regenerated  by  decomposition  at  700°,  This 
is  tXJBBk  accompanied  by  conversion  of  the  acetic  acid  into  monomolecular 
anhydride-ketene : 

CHjCOOl  1  ->  Cl  Ij  -  CO  +  n.< ' 

Ketene  is  a  gas  that  reacts  with  acetic  acid  to  form  acetic  anhydride: 

Cl  I J  «=  CO  j-  Cl  liCOOl  I  (Cl  l,CO)jO. 

The  hexogen  yield  by  this  method  O  attains  75  '■  80^  of  the  theoretical 
in  terms  of  formaldehyde.  Shortcomings  of  the  method  include  production  of 
hexogen  of  low  melting  point  (not  over  192°)  and  the  danger  involved  in  the 
recovery  of  spent  acetic  acid,  inasmuch  as  it  contains  unstable  products. 
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The  follewlng 

HimpnM  '  Is  the  eonsuqytlon  per  ton  of  hexogen:  0.63  *■  0.633  ten 

e 

psraforaaldehyde,  1.8  ton  saBonium  nitrate,  5  ■*  5.1  ton  acetic  anhydride,  and 

*  e 

0.CQ.9  ton  l3oron  fluoride.  The  hexogen  obtained  contains  up  to  6%  oxygen. 

♦  ^ 

The  Canadian  Variant  (Blbl.^S.  69.  96) 

In  Canada,  the  United  States,  and  England,  work  was  done  jointly  in  the 

development  of  an  UQEXXX  acetic  anhydride  method  of  producing  hexogen  (Blbl.69). 

In  October  1940,  Roes  and  Shisler  (Bibl,72)  observed  that  reaction  of 

nitrate 

formaldehyde  and  asmonlum  KUtUOUS  with  acetic  anhydride  yields  hexogen: 

3CHj0  +  3N11,N03+6(CHsC0)s0  -  (CH,NNO,);+  12CH,COOH, 

This  reaction  does  not  require  the  use  of  urotropine  or  large  amounts  of 

nitric  acid.  The  new  method  employs  acetic  anhydride,  which  these  countries 

were  in  a  position  to  produce  in  large  quantities  (Bibl.69/. 

The  investigations  were  begw  in  Canada  by  a  group  working  under  the 

leadership  of  Bachman  of  Michigan  University,  and  were  tested  at  Canadian  plants. 

Bachman's  work  showed  that  Ross'  reaction  could  be  combined  with  a  nitrolysis 

products 

reaction  so  as  to  get  the  best  results,  Inassnich  as  the  initial  ywHnnnc  of  the 
Ross  reaction  -  fotssaldehyde  and  ammonium  nitrate  -  come  into  being  as  waste  of 
the  nitrolysis  reaction,  farther  addition  of  ammonium  id.trate  and  acetic  acid 
to  the  XX  nitro  mass  had  to  result  4«  the  fomtlon  of  an  added  suleeule  of  hexogen. 

I  > 

This  was  confirmed  by  experiment.  . 

•  i ' 

The  equation  for  the  combined  process  suggested  by  Bachman  (Bibl.67,  68) 

may  be  depicted  as  follows: 

C,H„N<+4HN0,+  2NH,N6,+6(CH,C0),0  — 

-*  2(CH,N.NOa),+  12CH,COOH. 
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In  I<ebruar7  1942,  a  DuPont  Plant  b«gan  oparatlons  to  produce  hexogen 

» 

under  imrifiMMTiiMYiiimHunnr  this  cooblned  nethod.  In  Kay  1942,  production 
of  hexogen  by  the  combined  motnod  was  begitn  at  an  Eastman  Plant.  At  this  plant, 
the  process  was  performed  in  continuous  apparatus,  and  the  spent  acid  was 
recovered  in  acetic  anhydride,  and  then  again  employed  to  produce  hexogen. 

^  The  acetic  anhydride  method  of  producing  hexogen,  which  resulted  in  twice  the 
■yield  of  the  nitrolysis  process,  proved  considerably  more  economical  for  Englamd, 
Canada,  and  the  USA  (which  had  adequate  suppiii'jf  of  acetic  acid  and  acetic 
anhydride)  (Bibl.69). 

The  technological  process  for/production  of  hexogen  by  Bachraan-Ross  method 
is  as  follows. 

in 

First,  solutions  of  urotropine  UU  glacial  acetic  acM  and  of  ammonium 
nitrate  in  97^  nitric  acid  are  prepared.  The  solutions  are  heated  to  40®,  and 
the  acetic  anhydride  is  simultaneously  heated  to  60°.  Ihe  prepared  solutions  are 
slowly  run  into  the  acetic  anhydride.  Run-in  of  the  components  is  performed  ■ 
at  70  -  75°.  Upon  completion  of  run-in)  the  mixture  is  held  for  15  -  20  ndn  at 
the  saoie  temperature,  and  then  640  moles  of  water  h^at'ed  to  40°  is  added  to  the' 
nitro  mass  (Blbl.45}. 

Ihe  generation  of  the  acetic  acid  is  performed  by  adding  sulfuric  acid  to 
processes. 

the  spent  acid  in  two  The  first  portion  consists  of  5  ■*  lOf  of  the  weight 

of  the  spent  acid,  whereupon  the  mass  is  heated  to  100°.  The  second  portion  is 
15  >  UCf(,  The  mixture  is  subjected  to  distillmtlon  at  120  -  140°  for  the  purpose 


of  driving  off  the  acetio  acid  (Bibl.99}.  It  is  recoaBsnded  that  the  spent  acid 


first  be  trssted  with  NH^  in  order  to  reduce  the  HItOj  content  to  1%  '(Blbl.lOO). 
It  is  suggested  t]iat  the  nitro  mass  obtained  be  diluted  >wlth  water  *at  90  >  100°t 
and  that  after  separation  of  the  hexogen,  it  be  subjected  to  distillation  intWHig 
to  drive  off  the  acetic  acid  (Blbl.lOl). 

Safety  Procedure  in*  Hexogen  Hanufacture 

In  addition  to  the  Xl  safety  rules  comnon  to  the  fiC  production  of  all 
explosives,  the  high  sensitivity  of  hexogen  to  mechanical  effects  must  be  borne 
In  mind.  All  hexogen  shops  are  aaiigerous  in  terms  of  explosion  and  fire,,  except 
for  the  urotropine  production  shop,  where  the  only  danger  is  that  of  fire, 

The  harmful  physiological  effects  of  hexogen  dust,  urotropine  dust, as 
well  as  of  nitrogen  oxides  and  nitric  acid  must  be  noted. 

Buildings  in  vrtiich  hexogen  are  produced,  and  the  apparatus  in  which  the 
process  occurs  have  to  be  provided  with  the  appropriate  devices  to  assure  safe 
operation. 

In  England  (Bibl.60),  the  production  of  hexogen  is  carried  out  in  a  number 
of  small  buildings  separated  by  substantial  distances.  All  the  buildings  are 
surrounded  by  embanloMnts  and  connected  by  special  corridors  open  to  the  side. 
The  roofs  of  these  corridors  are  of  asbestos  cement  and  serve  solely  for 
protection  against  dB  rain,  the  floors  both  of  the  buildings  and  of  the 
corridors  are  of  asphalt.  The  walls  are  ceswnt.  The  buildings  have  lightening 
rods,  and  the  apparatus  is  provided  with  special  equipaient  to  remove  static 


electricity. 


In  work  In  the  shop,  blows  of  ast^  against  sMtal  are  wholly  ruled  out. 

Particular  attention  Is  directed  at  the  cleaning  of  the  plant  before  repair. 

SoUdlf^ explosive  is  cleaned  only  with  wooden  equlpeient,  the  cleaning  la  performed 

very  carefully,  and  is  observed  by  a  technologist.  XXK  When  units  have  to  be 

heated  or  repaired  by  welding,  a  technologist  checks  them  out  by  test  burning. 

To  do  this,  small  one-man  steel  shelters,  with  apertures  for  the  hands,  and 

1.8  m 

viewing  slits  were  employed.  Ihe  burner  has  a  handle  XXIX2XI  long. 

KX  Although  it  contains  some  acid  or  water,  hexogen  in  the  various  stages 
of  production  is  none  the  less  highly  sensitive'  to  siechanical  effects. 

However,  the  major  measure  for  prevention  of  fires  tX  and,  particularly,  of 
explosions,  in  hexogen  production,  is  strict  adherence  to  the  technological 
procedures. 

In  the  nitrolysis  process,  exothermic  JQUUQCXWXX  reactions  occur  in  the 
stage  of  nitration.  Even  rSWKL  when  the  violation  of  the  aWMIMliy  technical 
process  is  comparatively  minor,  these  reactions  readily  lead  to  ejection  of  the 
nltro  mass  from  the  apparatus,  or  flare-up.  It  is  at  this  stage  that  concentrated 
nitric  acid  is  esqjloyed,  contact  of  which  with  urotropine  or  with  foreign 
organic  substances  in  the  absence  of  agitation  readily  Induces  a  vigorous  reaction 
and  ignition. 

In  production,  urotropine  may  IX  catch  fire  in  the  charging  hopper  or .the 


feed  conveyor  under  the  influence  of  nitric  acid  fua»s  or  spatter.  Therefore, 


careful  observation  of  the  condition  of  these  portions  of  the  JLjtfJUUl  apparatus. 


UQi  and  periodic  cleaning  thereof  is  essential. 
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It  Bust  be  borne  In  alnd  trikt  ecoidents  Mjr  occur, 'in  the  process  of 
stsbllizetlon  of  the  spent  acid,  not  only  at  very  ^  '*lov>  reaction 

temperature.  At  low  temperature  (40  -  45^),  the  oxidation  process  goes 
considerably  more  slowly,  as  a  consequence  of  which  unoxldized  Impurities  SX 


iX 


accumulate  in  the  nltro  mass.  This  may  U  give  rise  to  tba  vigorous  reaction 


vrith  ejection  of  the  nitro  mass.  The  degree  of  dilution  of  the  nitro  mass  by 
water  has  the  same  effect  upon  the  oxidation  process. 

Taking  the  foregoing  into  consideration,  it  is  necessary  carefully  to 
monitor  the  hexogen  production  process.  Moreover,  the  most  reliable  type  of 
monitoring,  guaranteel^ the  safety  of  the  process,  is  automatic  monitoring  with 
automatic  regulation  of  the  process. 

When  hexogen  is  produced  by  the  acetic  gXli  anhydride  method,  the  following 
has-  to  be  borne  in  mind. 

Acetic  anhydride  and  acetic  acid  may  form  explosive  mixtures  when  mixed  with 
nitric  acid  or  anmonlum  nitrate  solution  in  nitric  acid  in  particular  ratios. 

A  mixture  with  a  zero  oxygen  balance  may  be  obtained  when  one  part  acetic 
anhydride  by  weight  is  mixed  with  two  parts  rdtric  acid.  The  greater  the  amount 
of  nitric  acid  in  the  mixture,  the  more  dangerous  the  mixture  will  be  (Bibl..99). 
Mixtures  containing  20  parts  acetic  anhydride  by  weight  par  part  nitric  acid  by 
wsi^t  are  deesMd  to  be  safe  in  tema  of  explosion.. 

When  hexogen  is  obtained  by  this  method,  the  nitric  acid  content  in  the 
nitration  mass  is  only  3J(,  whereas  the  tOBBOOt  aeetlo  anhydride  content  may  be 


up 


to  7%,  and  acetic  acid  19  to  Consequently,  from  the  viewpoint  of  formation 
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of  explosive  mixtures,  the  reectlon  mess  Is  sufficiently  safe.  Dsnger  msy  * 

arise  only  If  very  extreme  deviation  troa  the  metering  occurs,  when  the 
* 

anhydride 'and  nitric  acid  ratios  reach  dangerous  limits.  The  possibility  of 
this  kind  of  violation  has  to  be  ruled  out  by  automatic  metering  and  autosiatlc 
monitoring.  In  this  connection,  the  Storage  for  nitric  acid  and  the  solution 
of  amnonium  nitrate  in  nitric  acid  should  be  set  up  in  a  separate  building, 
isolated  from  KX  the  building  vdiere  the  anhydride,  acetic  aeid,  and  spent  acid 
are  stored,  so  as  to  rule  out  the  possibility  that  these  components  may  come 
into  contact . 

Transportation  of  the  acetic  anhydride  and  acetic  acid,  nitric  acid,  and 
solution  of  ammonium  nitrate  in  nitric  acid  must  be  separate,  so  as  to  eliminate 
the  possibility  of  mixture  of  these  cosponents,  which  might  result  in  fires  and 
jcgmarega  explosions. 

In  the  building  itself,  the  metering  tanks  and  devices  mxMt  be  arranged 
so  that  the  components  capable  of  reacting  with  each  other  are  unable  to  come 
into  contact  outside  the  reactor. 

When  the  equlpownt  is  stopped  without  eaptying  the  apparatus,  it  Is  necessary 

to  elliiilna:  e  the  poaaibllity  of  accidental  entry  of  liltrlc  acid  or  the  aumnonlum 

wrong 

nitrate  in  nitric  acid  solution  into  the  apparatus  by  virtue  of  ZUg  functioning 
of  the  locking  equipment  for  incoa^lete  closing  thereof. 

When  the  work  is  in  progress,  it  must  be  borne  in  mind  that  acetic  anhydride 
and  acetic  acid  fall  into  Class  II  of  readily-flanaable  liquids.  Their  parameters 
are  indicated  in  Table  67. 
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Table  8? 


a) 

i  W 

1 

c) 

Acetic  anhydride 

•13-45 

385 

Acetic  acid 

4U 

566 

Beneene 

-12+10 

490 

Acetone 

-18+2  j 

500 

Dlchloroe thane 

14+21 

1 

413 

a)  Component j^^lash  point,  °C;  e)  ifimperature  of  spontaneous  combustion,  ®C 


Section  3.  Hexogen  Analogs 

Cyclotetramethylenetetranitroamine  (JQCUX  (octogen) 


0,N-N  N-NO, 

I  I 

CHj  CH, 

i  I 

O.N-N  N-NO, 

CH, 


apparently  is  not  yet  in  use  at  the  present  time,  inasmuch  as  both  its 

chemical  properties  and,  even  more  so,  its  explosive  properties  approximate  those 

of  hexogen  very  closely,  while  the  cost  of  manufacture  is  substantially  higher, 
octogen 

288  BXntlll  may  be  obtained  frcmt  the  saine  raw  materials  as  hexogen,  but  the  yield  is 

lower  (Bibl. 55,76,102). 

Oetogen 

ffiqgpfN  Is  of  UCOiUli  interest  as  a  possible  admixture  to  hexogen  (up  to  10^) 

anhydride  , 

obtained  by  the  acetic  KfOCXU  method.  Therefore,  XX  it  is  necessaiy  to  know  its 

it  w 

properties,  as  well  as  t)te  conditions  of  its  foraiation,  when/undertakeg  to  produce 

I  ’  hexogen.  This  is  particularly  important  in  terms  of  safety  procellures,  Inasmuch  as 
octogen 

ywygnH  jfXX  has  four  polymorphic  forms,  of  which  only  one,  8 -form,  is  stable.  The 
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t  octogtn 

288  need  to  remove  the  unstable  and  more  sensitive  isomers  of  sqf|»K  creates  fva:ther 

difficulties  in  the  purification  of  hexogen  produced  by  the  acetic  anhydride  method. 


Oetogen  is  a  solid  crystalline  light  product.  When  slowly  crystallized  out  of 
oetogen 

acetone, /is  pjstained  in*  the  form-of-large  transparent  crystals' of  rhombic  shape.  The 


product  purified  by  recryatallization  from  acetone  has  a  melting  point  of  276*-  277° 


(decomposes  upon  fusion).  Table  88  presents  some  of  the  properties  of  oetogen. 


Table  88 


1 

1  Polymorphic  Form  of  Oetogen 

1 

Property 

1 

0 

p  : 

1 

y 

6 

Specific  gravity 

1.96 

1.87 

1.82 

1.77 

Relative  sensitivity  to  shock 
(180  in  the  case  of  hexogen)* 

60 

325 

45 

75 

Stability  (at  room  tea5>erature ) 

Metastable 

Stable 

1  Metastable 

Labile 

*The  higher  the  value,  the  lower  the  sensitivity. 


Oetogen  is  not  soluble  in  methy.l  oi*  ethyl  alcohols,  in  benzene,  toluene,  xylene. 


or  ethyl  ether.  It  is  ]iMl  poorly  soluble  in  dichloroethane,  aniline,  nitrobenzene. 


and  dioxane.  Its  solubility  in  water  at  15  -  20°  is  about  IQElDBf  0.003!^  and  at  100° 

in 

about  0.02^.  The  solubility  of  U98ijDC]B(X  oetogen  Q1  various  solvents  is  illustrated 


in  Table  89 


Table  89 


Temperature, 

°C 

■  Solubility  of  Octogep,^ 

Acetone 

Butylacetate 

Aniline 

Mononitro- 

toluene 

22 

2,10 

1.14 

•27 

2.65 

0,35 

37 

3.52 

« 

4.0 

3,38  . 

.  - 

0,89 

56 

4,13 

0,49 

1,23 

60 

0,57 

— 

68 

_ 

0.67 

— 

78 

_ 

0,89 

83 

1,05 

90 

1;I9 

_ 

IVJ 

_ 

1,38 

104 

_ 

0,77 

1,61 

1,60 

•  122 

— 

0,88 

2,09 

i;9s 
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The  curve  of  solubility  of  octogen  in  acetone  is  UUBI  shcMn  in  Pig.  89. 

When  octogen  is  processed  with  a  solutimt  of  alkali  in  aqueous  acetone  solution, 
hydrolysis  occurs  at  a  rate' less  than  the  rate  of  hexogen  hydrolysis  (the  activation 

energy  of  the  hydrolysis  of  hexogen  is  14  kcal/mola, 

-  and  that  of  octogen  is  25  kc'al/mole).  This  difference 

in  the  rates  of  hydrolysis  has  been  employed  (Bibl.90) 

—  - 

— 4^ — *c  octogen  content  of  hexogen.  The 

adcurafiy  of  determination  is  within  *0.2%,  thanks  to  the 

Fig. 89  -  Solubility  of  Octogen 

process  sequence.  Water,  1%  solutions  of  nitric  or 

and  Acetone 

a)  Octogen  dissolved  sulfuric  acids  virtually  do  not  decompose  octogen 

when  boiled  for  6  hrs.  Light  does  hot  affect  the 

octogen. 

The  stability  of  octogen  is  the  same  as  that  of  hexogen.  A  manometrlc  specimen 
of  octogen  run  for  5  hrs  at  166  -  167®  shows  a  rise  of  32  -  39  mm  in  pressure,  while 
that  of  hexogen  shows,  a  rise  of  39  -  40  nm. 

Table  90  shows  the  explosive  properties  of  octogen  when  XX  conqcared  with  those  of 
hexogen.  It  follows  from  the  data  presented  that  there  is  virtually  no  difference 
between  octogen  and  hexogen  in  terms  of  explosive  properties. 

Table  90 


Property 

Hexogen  Obtained  by  the 

Oxidising 

Method 

Acetic  Anhydride 
Method 

Brisance  due  to  Kast  when  A  •  1.52,  an 

4.5 

4.3 

4.2 

Expansion  in  lead  bomb,  cc 

440 

481 

486 

Shock  sensitivity  at  p  ■  10  kg  and 
h  ■  250  SB,  in  %  complete  explosions 

96  . 

84 

84 

Flash  point,  oc 

275 

i 

1 

1 

2891 

•  649 


289  In  atudylng  th«  aBohanlsn  of  hexogen  foraation  reaction*  by  the  acetic  anhydj^ide 

* 

■ethod  (Bibl.75t  76}  B9  octogen  waaoobtained,  and  the  conditions  of  its  formation 
*  were  determined.  Epstein  and  Winkler  (Bibl.76)  succeeded  in  getting  a  U0!f  yield  of 

JOqtjpyi  octogen  (in  terms  of  iirotropine)  when  they  treated  urotropine  with  a  mixture 
of  nitric  acid  and  acetic  acid,  and  ammonium  nitrate. 

The  j)rocess  is  performed  by  preliminary  siixing  of  the  prepared  solutions  of 
urotropine  in.  acetic  acid  and  arasonlum  nitrate  and  nitric  acid  with  acetic  anhydride, 
with  the  following  atolar  relationship  among  the  components 

QH„N/:  NH.NO3 :  HNO, :  (CH,CO), 1  : 2  : 4  : 7. 

The  yield  of  octogen  is  in  terms  of  methylene  groups.  The  reaction  JB 
apparently  goes  in  accordance  with  the  following  equation: 

2(CH,)8N..2CHjCOOH  +  4NH.N03-2HNOj-f  12(CHjC0),0- 
-  2(CH,NN0,)4  +  28CH,C00H. 

octogen 

McKay,  Richmond  and  Wright  (Bibl.76)  obtained  by  gX  treating  XZXIXX  - 

dinitropentamethylenetetramine  with  concentrated  nitric  acid  at  10®.  These  studies 

have  been  set  forth  in  greater  detail  in  Sections  1  and  2. 

Bachman  (Bibl.74)  developed  a  method  of  producing  octogen  by  the  action  of  a 

mixture  of  strong  nitric  acid  (2.2  parts),  glacial  acetic  acid,  and  acetic  anhydride 

290  (6.5  parts)  at  15  -  30°  upon  urotropine.  Under  these 'coisditions,  about  20^ 

dinltropentamethyisnetetramine  is  obtained.  Nitrolyeis  of  this  product  at  60  -  65® 

and 

by  nitric  acid  in  the  presence  of  ammonium  nitrate, /nitrogen  anhydride  results  in  the 
formation  of  octogen,  with  a  yield  of  about  SOf  in  terms  of  the 
dinitropentamethylenetetramine. 

Cyclotrimethylenetrinltroeoamine  (Blbl.63f  103,  104)  Is  a  homclog  bf  hexogen. 


ZX 
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290 


It  ws  first  obtained  in  108d  by  Heyer  by  rapid  alxlng  of  a  concentrated  solution 

e 

e 

of  sodiun  nitrite  with  an  aqtieoua  urotroplne  solution  containing  excess  (co^iuted 
•  « 

against  the  nitrite)  hydrochloric  acid  Cl^ibl.103},  performed  at  low  temperature. 

His  formula  is: 


CHj 

\ 

ON-N  N-NO 
I  '  I 
CHj  Cllj 
\ 

N 

I 

NO 


Ihe  product  may  be  obtained  easily  by  rapidly  running  an  aqueous 
hexamethylanetet^^afmiae  solution  into  an  aqueous  sodltiu  nitrite  solution  ( 5  moles  NaN02 
per  1  mole  and  weak  nitric  acid,  in  which  case  the  tea9>erature  has  to  be  lew 

(O  -  5°),  and  the. pH  of  the  nmdium  has  to  equal  unity  (Blbl.49.).  A  reduction  of  the 


acidity  of  the  medium 


the  reaction  in  the  direction  of  formation  of 


dlnitrosopentanethylenetetramine.  The  initial  products  may  also  be  formaluehyds  and 
ansonia  (Blbl,103).  When  sodium  nitrite  is  added  to  an  aqueous  solution  of  formaldehyde 
and  asnonla,  cyclotriawthylenetrinitrosoamine  cones  down  virtually  quantitatively 
(Bibl.105). 

Cyclotrimethylenetrlnitrosoanine  is  a  yellow  crystalline  siibstance  melting  at 
105°.  Its  solubility  at  15°  in  100  gm  acetone  is  33>4  gm,  whereas  in  nethylalcohol  it 
is  2.35  gm»  and  in  acetic  acid  (100^),  it  is '5.3  gm.  Mineral  acids  dec<ag>ose 
eyelotrlmethylenetrlnltrosoamlne  even  in  DUX  the  cold,  while  pure  acetic  acid  does 
not  Induce  deco^wsitlon  even  when  heated  to  100°.-  The  product  is  very  sensitive  to 

e 

the  effects  of  light  (particularly  the  ultraviolet  portion  thereof),  which  sharply 
reduces  its  stability  (Bibl.103).  The  reduced  stability  is  also  due  to  the  presence 
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of  liQ>urltle8!  nitrous  acid  and  dinitrosopsntaMthylenstetraaine. 

CyclotriaetHylanetrinitrosoanins  has  been  proposed  by  the  German  Vazag  Co.  as 
an  explosive  the  producti«i  of  which  does  not  require  strong  nitric  acid.  However, 
its  comparatively  low  chemical  stability  has  been  an  obstacle  to  its  introduction 
(Bibl.106).  Stability  may  be  increased  by  recrystallization  from  methyl  alcohol  or 
acetone  (Bibl.1'03). 

In  its  explosive  characteristics,  eyelotrimethylenetrinitrosoamine  approximates 
TOT,  as  is  evident  from  Table  91. 


Table  91 


Property 

Cyclotrimethylene- 

trinitrosoamine 

Hexogen 

TNT 

Melting  point,  °C 

Density,  gin/cm3 

105 

203  ' 

81-82 

•Velocity  of  detonation,  m/sec 

1,53 

1,65 

1,60 

7500-7800 

8300 

6850 

Brisanoe, in  mn 

4.7 

5,9 

4,2 

Fugacityj in  cc 

386 

489 

309 

Volume  of  gaseous  products, in  Itr/kg 

!  853 

853 

685 

Heat  of  explosion, in  kcol/kg 

Shock  Sensitivity:  10  kg  weight  does 

900 

24 

1326 

16 

1085 

24 

not  induce  explosion  when  dropped 
from  an  elevation  of,  in  cm 

Trimethylenetrinitrosoamine  is  an  expensive  and  rather  powerfxil  brisant  explosive 
of  low  sensitivity  to  shock.  A  shortcoming  is  the  lew  chemical  stability. 

Brockman  and  Downing  (Bibl.SZ,  10?)  obtained  chemically  pure  hexogen  by  treating 
this  product  with  concentrated  nitric  acid,  and  on  the  basis  thereof,  have  developed  a 
method  for  producing  hexogen  free  of  impurities. 

C,  Nitroamines  of  the  Aliphatic  Series 

s 

Section  1.  Ethylene-4IN*-dinitroamlne  (Bt) 

Ethylene-lW'-dinitroaadne  (MM  or  Haleite)  was  obtained  in  1888  bythp  nitration 
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291  of  ethylano  ur«a  by  alxed  sulfuric  and  nitric  acid  (Bibl.lOd).  Ths  foraula  is 


CH,-NH-NOj 


ClIj-NH-NO,. 


During  World  War  II,  methods  of  producing  this  substance,  termed  Haleite  was 

studied,  and  in  1943,  Industrial-scsle  production  began.  Haleite  was  ei^loyed  for  the 

same  purposes  as  tetryl.  Its  advantage  over  telz^l  is  higher  explosive  properties  and 

.synthetic  raw  materials.  Moreover,  accord!^  to_^rican  data/fm  (Bij5l.l09),  the 

cost  of  production  of  Haleite  is  considerably  lower  than  that  of  tetryl. 
dlnitramine 

Ethylene>NN';;4nZXIinXlX  consists  of  urtiite  crystals  of  rhooklc  shape.  Its 

dpecific  gravity -ie  1.75,  and  its 

Table  92 

.  melting  jBm«  point  175  -  176°.  It  is 

b) 

<31  _ _ . 

not  hygroscopic,  is  soluble  in 

25  0.3  1.25  nitrobenzene,  'dioxane,  alcohol,  and 

50  1.25  .3.« 

75  4,95  10.1 

9g  15,4  ‘  _  ,  boiling  water,  but  insoluble  in  ether. 

a)  Temperature,  ®C;  b)  Solubility,  gm  of  Solubility  at  various  temperatures  in 

othylene-NN’-dinitr_>mine  (in  100  gm  solvent); 

water  and  ethyl  alcohol  as*  illustrated 

c)  Water;  d)  Ethyl  alcohol  95f 


water  and  ethyl  alcohol  as*  illustrated 
in  Table  92. 


dinitramine 

Ethylehe-NN'-4XIXmUBIi  has  acid  properties  and  can  produce  salts  with  potassium, 
silver,  and  tin.  The  silver  and  tin  salts  are  very  sensitive  to  mechanical  action. 

I 

dinitramine 

In  alkaline  solution,  ethylene-NN'-UUmBOlI  Is  a  stable  co^>ound,  but  in 

neutral  and  acid  medlisB.  it  decomposea  to  form  ethylene  glycol,  acetaldehyde,  and  nitrous 

oxide :  -  _ 

CH,-NHNO,  _,N.o  CHjOH  CH,OH  ■■  “ 

2  I  - 2  I  I  +C-H  +  H,0.. 

CH,-NHNO,  CHjNHNO,  CH.OH  I 

*  .  CH, 
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In  the  second  stage,  the  ethylene  urea  Is  nitrated'  at  Kr*  a  sdxture  of  nitric 
and  sulfuric  acid  consisting  of  Ikt  H2SO1,,  I'i.kt  HNO3  and  10.6^  HfO  (Blbl.109,  115). 

s 

Subsequently,  the  nixed  acid  was  replaced  by  98%  HNO3  (Bibl.109): 


CHj-NH 
CH,-NH 


\co 


-211,0 


NO. 

I 

Cllj-N 
-1  -  ~  CO.  ■ 
cn,-N 

NO, 

e« 

Vfater,  Crystals  of  NN*-dinitroethyien”  urea 


The  solution  obtained  is  run  into 


cone  down.  Due  to  hydrolysis,  precipitation  is  incoB9)lete.  The  crystals  are  filtered 
off  and  washed,  first  in  cold  and  then  in  warm  water  ( 50®) . 

In  the  laboratory,  nitration  is  performed  more  conveniently  with  nitric  anhydride 
in  inert  solvent  (chloroform)  at  a  temperature  of  20  -  30®.  .  Ilie  reaction  goes 
rapidly  and  almost  quantitatively.  The  reaction  product  is  not  soluble  in  chloroform 
and  comes  out  of  solution  as  it  forms.  Ihe  yield  is  about  90%  of  theoretical. 

NN»-Dinitroethyloneurea  is  a  crystalline  product  with  a  nw'lting  point  of  211—212°. 
When  boiled  with  water,  it  decooqposes  into  CO2  and  ethylene-NN*-dinltraadine; 


NO, 

I 

CH,-N, 


CH,-N' 


CH,.NI|.NO, 

I  +CO,. 

CH,-NH'NO, 


NO, 


'’Because  of  significant  shortSomings  in  the  method  described  (low  yield  of  the 
intenmdlate  product  — ethyleneurea,  and  the  need  to  run  a  long  reaction  under  pressure) 
a  large  nuidber  of  SIX  researchers  in  the  USA  engaged  in  a  search  for  other  ways  of 
producing  ethylene-HNf-dinitramine.  ibe  .aost  interesting  of  these  methods  is  the 
following^ 
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An  aqueouB  solution  of  •thTslenodiudne  IX  la  haated  with  aostic  MU  anhjrdrlds. 
Three  or  four  noles  of  acetic  anhydride  are  taken  per  mole  of  ethylen^diamine.  Acetic 
anhydride  also  serves  as  a  dehydrator.  The  acyl  derivative  obtained  is  nitrated  with 
985?  nitric  acid  in  the  presence  of  acetic  anyhydride  at  a  temperature  of  0  -  5®C,  At 
the  conclusion  of  nitration,  .the  nitrcnass  is  diluted  with  water  to  a  concentration  of 
30  -  405?  in  terma  of  acetic  acid.  The  crystals  that  come  down  as  this  occurs  are 
filtered  off  and  washed  with  cold  water; 


+  ,CH.co,.o  “.nhcoch. 
oil,- Nil,  CHjNHCOCHj 

NO, 


Cllj-N-COCII,  +2NH,  CHjNH.NO, 
CII,-N-COCHa  CHjNll'NO, 

ho. 


+  2CH3COONH.. 


The  nitration  product  is  subjected  to  hydrolysis  at  room  temperature  by  the  action 
of  11 —  15?  NH3  solution.  The  low  stability  of  ethylenediamine  significantly  reduces 
the  advantages  of  this  method.  Replacement  of  ethylenediamine  by  ethyleneoxamide 
renders  the  method  more  advanced,  inasmuch  as  the  latter  has  greater  stability. (it  does 
not  decompose  upon  nitration  with  98?  nitric  acid  or  mixed  sulfuric  and  nitric  acid) 
(Blbl.112,  115).  The  chemistry  of  the  product  is  as  follows: 


CHj  NH,  ^  COOCjH,  _2C:;H50H  CH,  — NH  — CO  .^-zhnOj 


CHjNH,  C00C,H, 


CH,-NH-CO 

t 


•  NO, 


m.p,'  275  -  285°  (ethyler  oxamide) 


CH,-N-CO  ^2NHj  CH,NH-NO,  COONH, 

^H,-N-C0  CH:NH-NO,  COONH, 

NO,  • 

m.p.  IST-igS”. 
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293  In  the  course  of  disproving  the  production  of  ethylene-NN'-dlnitrudne,  s  chei^r 

Mthod  w»8  developed,  in  the  USA,  for  producing  ‘ethylenediaaine  from  formaldehyde  and 
hydrogen  cyanide  in  accordance  with  the  meehanisBi 

+  NH,  2H, 

CHjO  +  HCN  -*  HOCH  jCN  -*  HjNCHjCN  -*  HjNCH  jCHsNHj, 

-H,0 

and  nitration  of,  ethyleneurea  began  to  be  performed  vith  concentrated  nitric  acid. 

Ethyleno-NN*adinitramine  was  obtained  XX  on  apparatus  for  the  production  of 
tetryl,  and  the  yield  cf  ethylene-NN'-dinltramine  was  three  times  greater,  and  trie 
cost  considerc’/ly  less  tnan  the  cost  of  tetryl  (Bibl,109). 

Section  2.  Nitroguanidine  (Blbl.116} 

Nitroguanidine  was  first  obtained  in  1S77  by  the  action  of  concentrated  nitric 
or  sulfuric  acid  on  guanidi.n"  nitrate.  In  industry,  it  is  obtained’ by  dehydration 
of  guanidine  nitrate  by  sulfuric  acid, 

294  Despite  the  comparatively  high  explosive-  characteristics  it  displays, 

nitroguanidine  is  not  used  as  an  explosive  by  itself.  During  World  War  II,  it  was  used 
as  a  oon^onent  of  nitroglycerine  and  nitrodiglycol  pcwder  instead  of  dinitrotoluene . 
There  are  many  proposals  for  the  utilization  of  nitroguanidine  as  a  component  of 
explosives. 

Nitroguanidine  apparently  has  a  big  future,  inasmuch  as  its  production  is  bas'ed  on 
cheap  raw  materials:  lias,  coke,  nitrogen  from  the  air,  aononium  nitrate,  and  sulfuric 
acid.  Moreover,  its  production  is  related  to  that  of  a  fertilizer  -  calcium  cyanamide, 
from  which  guanidine  nitrate,  which  is  the  starting  product  for  the  prodmetion  of 
nitroguanidine,  is  obtained. (Bibl. 117). 

Nitroguanidine^  is  the  starting  product  for  the  production  of  tetraeene  which  is  an 


am 
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294  Initiating  txploalve. 

Nltrogunnldln«  exists  in  two  tautomeric  crjrstalllne  forms  (Blbl.llS) 

NH'NOj  ,NH, 

ChNH  a  and  C-^N  NOj  which  has 

identical  melting  points  of  the  order  of  232  -  250®  (lielting  with  decomposition). 

The  a  •‘form  is  obtained  by  the  usual  ^nethod  of  dehydration  of  guanidine  nitrate: 
the  action  of  sulfuric  acid  followed  by  decantation  in  water.  This  causes  the  product 
to  crystallize  out  of  the  water  in  the  a -form  (long  elastic  needles  tha't  remind  one 

“h  '^’3  i  ."‘•J 

..of  asbestos  ) . 

The  pi-fonn  is  obtained  in  part  upon  dehydration  of  guanidine  nitrate  in  the 

'  presence  of  ammcnium  sulfate.  These  forms-are  sreparated  by  means  of  a  difference  in 

their  solubility  in  water.  In  the’  range  of  25  -  100®,  the  p-fom  is  more  soluble  than 
XXXXHBaB*  thfi,^;^ 

QUfXXXZKfl^/smdat  temperattsTes  of  less  than  25°  and  more  than  100®,  the  a-form  is 
more  soluble.  Crystals  of  the  p-form,  recrystallized  from  water,  are  plate  shaped. 

If  crystals  of  the  p-form  are  dissolved  in  sulfuric,  acid,  and  the  solution  is  decanted 
into  water,  crystals  of  the  a-form  (Bibl.119)  are  obtained. 

The  specific  gravity  of  nitroguanldlne  is  1.72. 

Its  solubility  in  water,  organic  solvents,  sulfuric,  and  nitric  acid  is  illustrated 

1 

in  Tables  93  -  95. 
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2%  Table  93  Table  94 


«) 

b) 

Ether 

0.04 

5 

0.6 

Ethyl  alcohol 
Acetone 

0,18 

0.19 

10 

1,6 

Methyl  alcohol 

0.50 

20 

3.0 

r^idlne 

1,75 

Water 

0,27 

•W 

5.8 

11 

1.18  at  SO" 

87 

22,3 

10.36  at  100” 

! 

a)  Solvent;  b)  Solubility,  gn,  at  20°,  a)  Concentration  of  HNO3,  %;  b)  Nitroguanidine 

of  Nitroguanidine  (in  100  gn  solvent)  solubility  at  ZCP,  gm  (in  100  gm  acid) 


The  beat  solvent  for  crystallization  of  nitroguanidine  is  water,  but  the  crystals 

•  i  ■'i  ■  .-.-.I. O'-."  -S  '■ joi 

that  come  do»m.ar«;'fitad  and  are  of  very  low  gravimetric  density  (0.2  -  0.3).  The 
A 


Table  95 


a) 

b) 

0 

26 

45 

.5.8 

10,9 

■  40 

3.4 

8,0 

35 

2,0 

5,2 

30 

1.3 

2,9 

25 

0.7 

1.8 

20 

0,4 

1.0 

15 

0,3 

0.5 

a)  Concentration  of  H2S0/^,  %', 

b)  Nitroguanidine  solubility,  gm,  at 
temperature,  °C  (in  100  cc  acid) 


gravimetric  density  of  crystals  is  increased 
by  adding  colloidal  substances  (polyvinyl 
alcohol,  gelatin,  etc.)  or  substances  that 
neutralize  salts  (urea  nitrate,  ammonium  IM 
sulfate,  etc.)  to  the  solution. 

Depending  upon  the  conditions  of 
crystallization,  the  gravimetric  density 
fluctuates  from  0.2  »  0.8. 

Nitroguanidine  forms  eutectic  ndjcttu-es 
(Bibl.115),  shown  in  Table  96,  with  a  number 
of  substances. 
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Table  96 
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1 

1 

0) 

NH4N03 

20 

131, S 

Guanidine  nitrate 

41 

166,5 

17. 5^  guanidine  nitrate 

57 

113,2 

and  25. 5^  !fH4N03 

a)  Component;  b)  Amount  of  nitroguanidine  in  eutectic,  %;  a)  Melting  point 
of  (Sutectic,  °C 

The  following  is  the  structural  formula  of  nitroguanidine  (Bibl,120,  121,  122,-- 123): 


HN^  N  =  0. 


Nitroguanidine  ZX  has  weakly  basic  properties.  Under  normal  conditions  it  is  a 
stable  compound.  In  hot  water  it  hydrolizes  in  part: 

NH,-C-NHNO, 

II  -♦  NH,-)-NO|HN  — CN  (nitrocyanamide), 

NH 


and,  upon  boiling,  hydrolysis  goes  very  intensively  to  formation  of  gaseous  products: 

NH,-C-NHN0,  2NH,+  N,0  +  C0,. 

II 

NH 

its 

Weight  losses  of  nitroguanidine^ when/solutions  are  heated  in  an  autoclave  at 


1200  for  48  hrs  ,are  (in  it): 

in  acid  mediuB  (pH  -  3.9  -  6) . ' .  0.19 

in  neutral  medium  (i^  -  7  **  9) .  0.51 

in  alkaline  medium  (pH  <*8-$^.. . .  2.74 
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Shock  sensitivity  and  friction  sensitivity  are  considerably  less  than  that  of  TNT 
(Bibl.ia*,  125). 

Methods  of  production.  A  number  of  methods  of  producing  nitroguanidine  (Bibl.126, 
127,  128)  are  known.  However,  in  industry,  it  is  produced  t/  dehydration  of 
gmnldine  nitrate  by  sulfuric  acid  (Bibl.129,  130): 


NHjllNOj  .NH-NOj 


C  =  NII  ^  '  -  C=NI1 

-11,0  , 

Nil,  ^NH, 


The  process  is  955?  sulfuric  acid,  2.5  parts  thereof  (by  weight)  being  used  per 
part  of  nitrate.  The  use  of  less  concentrated  acid  or  a  smaller  qmntity  thereof 
reduces  the  nitroguanidine  yield.  H2SO4  stronger  than  95^  decomposes  the  nitroguanidine. 
The  optimum  process  temperature  is  30^,  end  reaction  tine  is  10  min.  At  higher 
tenperature  or  longer  reaction  time,  the  finished  product  will  imdergo  partial 
decon^ositlon.  Nitroguanidine  is  isolated  from  the  reaction  mixture  by  dilution  with 
spent  sulfuric  acid  to  18  f  2(S  concentration. 


Fig. 90  -  Diagram  of  Nitroguanidine  Production 

1  -  Sieve}  2  -  Bunker;  3  -  Screw  conveyor;  U  -  Acid  metering  tank; 

5  -  Dehydrator  (nitrator);  6  -  Diluting  tank;  7  -  Crystallisers ; 

8  -  Condenser;  9  #•  Feed  tank;  10  -  Vacuum  filter;  11  -  Filter  hopper 
a)  Water;  b)  To  drying 
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The  guanidine  nitrate  entering  the  production  process  is  tested  in  the  laboratory ' 


by  experiaental  dehydration.  With  continuous  agitation  of  the  nitro  mass,  125  gm 
of  95%  is  run  into  a  beaker  and  50  gm  guanidine  nitrate  is  introduced  at  in 

10  min.  The  process  shoulo  go  smoothly  without  tenqperature  jumps  or  emission  of  white 
fumes.  At  the  end  of  the  period  of  agitation,  the  mass  is  held  at  30°  for  another 
30  min,  then  cooled  to  0  -  5®  and  decanted  into  precooled  water  (500  cc).  Then  the 
nitroguanidine  is  filtered  on  a  Schott  filter,  washed  with  cold  water,  and  dried  XX  for 
10  hrs  at  K  60®. 

Figure  90  presents  a  schematic  diagram  of  the  production  of  nitroguanidine. 

Dry  guanidine  nitrate  is  delivered  from  the  rooking  sieve  to  a  bunker,  frcsn  which 
it  goes  tJtXOHMXSX  by  screw  cwiveyor  to  a  dehydrator  filled  with  96  -  98^  H2SO4. 

Sulfuric  acid,  2.5  parts  by  weight  per  part  of  guanidine  nitrate,  is  employed.  The 
reaction  is  run  ZXXXX  at  30  -  35®  for  10  min,  whereupon  the  mixture  is  discharged  into 
a  dilution  tank  filled  with  cold  water.  The  diluted  mass  is  sent  by  centrifugal  pump 
to  the  first  crystallizer,  0CIX  from  which  it  flows  into  the  second.  From  the  second 
crystallizer,  the  mass,  having  undergone  further  cooling  in  a  condenser,  goes  to  a 
drum  vacuum  filter,  from  which  it  is  sent  to  a  crystallizer  filled  with  cold  water. 

Recrystallisation  is  performed  as  follows i  To  the  hot  solution  (95  ~  98®), 
consisting  of  300  kg  nitroguanidine  diluted  by  6  of  water,  7.5  kg  ammonium  nitrate 
298  and  3  )cg  glue  are  added.  The  solution  is  cooled  slowly,  with  intense  agitation,  over 
.  the  period  of  an  hour,  to  15  >  I6®.  The  nitroguanidine  crystallizes  ai  a  ratherUOK 
dense  deposit  (A  ■  0.8)  which  is  squeezed  out  on  a  filter  and  dried  in  a  pneunatic 
dej|8io^tor. 

Diu'ing  World  War  II,  nitroguanidine  production  in  Germany  attained  some  34 000  tcms 
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per  month.  The  consuo^tion  of  raw  materials  was  1.36  tons  guanidine  nitrate  and  3.0  tons 


98^  sulfuric  acid  per  ton. 

Section  3.  Diethanol-N-nltramlnedinltrate  ( DIMA ) 

Dlethanol-N-nitraminedinitrate  or  DINA 

CHjCH.ONO, 

^CH.CHjONO, 

was  first  obtained  in  1942  by  Wright  (Bibl.131)  who,  during  the  subsequent  years, 
significantly  ia^iroved  the  initial  method  of  production  and  found  a  catalyst  for  the 
N-nitration  process.  DINA  approximates  hexogen  in  its  ertplosive  properties. 

In  1944,  the  USA  began  to  produce  this  product  at  a  small  installation.  Considerable 
expansion  of  the  production  of  DINA  was  XX  envisaged,  and  the  utilization  of 
hexogen  eq’oipment  toward  this  end  was  planned  (Bibl,109). 

DINA  was  employed  to  fill  detonators  for  naval  guns.  Its  use  for  other  purposes 
was  found  impossible  due  to  its  inadequate  stability,  high  shock  sensitivity,  and  low 
melting  point, 

DINA  is  a  crystalline  product.  Its  specific  gravity  is  «^||jnrimxwx|fiyxiiinfn 

its 

d^^°  >  1.67,  and  XX  gravimetric  density  is  C.8  -  0.9,  melting  point 
40 

49.5  “  51.5°,  heat  of  fusion  23.5  kcal/kg,  specific  heat  0.38  kcal/kg/®C.  The  product 
is  not  hygroscopic  and  not  volatile. 

Concentrated  sulfuric  acid  decomposes  DINA  even  at  0°.  A  lOjL  alkaline  solution 

9- 

induces  decomposition,  but  at ^considerably  slcwer  rate. 

In  the  dry  condition,  the  pure  product  is  of  adequate  stability,  but  in  an  aqueous 
medium,  and  particularly  in  boiling  water,  DINA  decomposes  slowly  (attaining  approximately 
30^  decoiqjosition  in  NX  6  hrs). 
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As  distinct  froa  PTEN  &nd  hsxogen,  DINA  Is  a  good  plasticizer  for  nitrocellulose 


and  nay  be  used  to  substitute  for  nitroglycerin  in  powders. 

The  explosive  properties  of  DINA  are:  heat  of  explosive  deeonqjosition  1250  kcal./kg, 
velocity  of  detonation  7350  a/s*c  (at  ^  ■  1.47).  Shock  and  friction  sensitivity  are 
somewhat  less  than  those  of  PTEN,  but  greater  than  that  of  hexogen. 

DINA  la  obtained  (Bibl.132,  133)  by  nitration  of  diethanolamine,  and  the  initial 
diethanolamine  is  obtained  by  condensation  of  ethylene  oxide  with  asnonla  in  accordance 
with  the  following  sclieme 

,,  NH(CHj  CH,.OH), 

I  +  NH3  C  NHjCHjCHjOU  -  NH  (CHjCHjOH);, 

'•*  N(CHjCHjOH)3 

Condensation  is  rtin  at  60®  under  pressure.  Three  products  result:  mono-,  di-, 

and  triethanolamine,  as  a  consequence  of  which  the  yield  of  the  desired  product  is  low. 

The  presence  of  mono-  and  triethanolamines  in  the  nitration  of  diethanolamine  is 

299  undesirable  due  to  the  formation  of  unstable  products  from  these.  The  isolation  and 

purification  of  dlethanolasiine  is  by  vacuum  distillation,  the  fraction  boiling  between 

145  -  155°  at  a  residual  pressure  of  10  mn  Hg  being  taken  off, 

diethanolamine 

The  usual  type  of  nitration  of  XTxrwxmarax  results  in  the  formation  of 
diethanolamine  dinitratey  but  nitration  in  the  presence  of  a  chlorine  ion  as  promoter 
leads  to  the  formation  of  DINA.  The  catalytic  actim  of  the  chlorine  ion  on  the 
process  of  the  formation  of  N-nitramlnes  from  secondary  amines  was  discovered  by 
Wright  and  employed  by  him  to  synthesize  DINA  (Bibl;131,  132,  134). 

Nitration  of  diethanol  to  DINA  is  performsd  by  98%  nitric  acid  (not  containing 
.  nitrogen  oxides)  at  20  -  30**  in  the  presence  of  acetic  anhydride  and  hydrogen  chloride 
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299  as  a  paMlar  .  Hjrdrogen  chloride  najr  be  replaced  by  a  salt  such  as  zinc  chloride.  U 

catalyst , 

In  the  presence  of  a  product  yield  is  about  90^,  but  without  one  the 

yield  is  low.  The  process  goes  in  accordance  with  the  following  equation 


I  IN 


/Cll2CHjOH 
'  CH2CI I2OI 1 


+  3IINO3 


3(CII:.CO)sO 


/CHiCHjONO: 

NOi-N^  -fSCHaCOOH. 

^CH2CH:0N0: 


cabalys  L , 

In  the  presence  of  ?i  ^sasaiofear,  the  hydrogen  of  the  amino  group  is  not  replaced  by 


the  nltroj^mijiX  group,  but  formation  of  the  nitrate  salt  occurs  instead: 


CHjCHjOH  ^CHaCHsONOj 

HN,  +3HNO3  — HNO3HN,  +2HjO. 

^CHiCH^OH  CHsCHjONOj 


The  salt  obtained  is  a  crystalline  substance  with  a  melting  point  of  125°.  It 
is  unstable,  readily  loses  the  HNO3,  is  highly  hygroscopic,  and  readily  soluble  in 
water. 

If  nitration  be  run  with  nitric  acid  containing  nitrogen  oxides,  diethanol-^l- 
nitrosoaminedinitrate  is  formed  in  accordance  with  the  equation 


CHjCHoOH 

HNv  '  +  2HNO5+HNO2 -*  NO  N 

^CHjCHjOH 


CHjCHjONO.. 

+3H20. 

'CH:CHjON02 


The  nitroso  compound  formed  is  unstable  and  is  readily  decomposed  with  formation 
of  nitrogen  oxides  which,  in  turn,  decompose  the  basic  product.  The  nitroso 
derivatives  may  be  converted  to  DINA  by  Oxidation  of  the  NO  group  to  NO2  by,  for 
example,  potassium  persxUfate, 

Technological  process  for  production  of  DINA.  The  first  stage  in  the  process  is 
nitration,  which  is  performed  in  a  nltrator.  Acetic  anhydride  is  run  into  the  nitrator, 
and  HNO3  and  diethanolamine  are  added  to  it  with  agitation.  Ten  percent  more  HNO3  than 
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"jatalyst 

'  the  theoretically  required  amount  is  iX  employed,  A  pwMMiyer  in  the  form  of  saturated 
HCl  solution  in  diethanolasdne  is  introduced,  0.02  mole  per  1  mole  diethanolasiine,  int< 
the  acetic  anhydride  at  the  beginning  of  the  process.  Fifteen  moles  acetic  anhydride 
are  employed  per  mole  diethanolamine.  The  conqwnents  are  run  in  at  5  -  10°,  and  the 
mixture  is  then  held  for  10  min  at  40°.  At  the  conclusion  of  the  process,  and  in 
order  to  reduce  corrosion  of  the  apparatus,  the  reaction  mixture  is  blown  free  of  the 
nitroso  chloride.  Then,  the  mixture  is  discharged  from  the  nitrator  into  a  tank  of 
cold  vrater,  to  reduce  the  concentration  of  the  spent  acid  to  30^.  A  portion  of  the 
iaqiurities  go  into  solution  as  this  KXX  occurs.  The  resultant  crystals  are  filtered, 
washed  with  water  and  NaOH  solution  to  a  pH  of  5.6  to  6.3.  The  filtered  product  is 
transferred  to  boiling  water  and,  for  15  min,, treated  with  live  steam. 

If  the  initial  diethanoiiunine  is  of  low  quality,  then  a  solution  of  sodium 
bicarbonate  is  enqsloyed  instead  of  water,  and  treated  with  live  steam  for  8  min,  whereup 
acetic  acid  is  added  to  neutral  reaction  and  again  treated  with  live  steam  for  another 
7  min.  The  molten  DINA  is  iOitji  separated  from  the  hot  aqueous  layer  and  decanted  into 
acetone,  enough  of  which  is  used  to  assure  complete  solution.  The  warm  acetone 
solution  is  diluted,  in  an  aluminum  vessel,  with  an  agitator,  by  twice  the  volume  of 
water,  containing  0.25^  annonla,  and  permitted  to  cool  to  20  -  25°,  with  unceasing 
agitation.  Crystallization  of  DINA  occurs  in  this  process. 


